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Abstract 
 
Interaction design is based on a dialogue between a user and a product, service, or 
system. This dialogue can be both physical and emotional. Interactions result from the 
process of action and reaction between user and form, function, and technology. User-
product interaction design also includes preparing the user for certain conventions, 
symbols, and functionality in the application of a product.  
Design evaluation plays a significant role in the design process and as a heart of the 
design lifecycle it became a proficiency in design. Affordance (the characteristics of a 
product or system and the design features that help users to perform tasks) also plays an 
important role in user-product interaction design. Studying and evaluating the 
interactions in a designed object can help reveal a better perception of usability for the 
designer, and consequently, better interaction.  
In this research, we focused on the contribution model of a behavioral relationship 
between user and product through the multi-disciplinary aspect of design, with respect 
to affordance, usability and related fields and in combination with Confirmatory Factor 
Analysis (a statistic method in behavioral sciences). We then summarized and 
systematically explained how affordance analysis and evaluation can contribute to User-
Product Interaction and how usability is generally focused on cognitive and functional 
information. As a result, the User-Product Evaluation (UPIE) Model was developed as a 
structured evaluation method for testing, designing, and improving user-product 
interaction.  
The proposed UPIE model is a new approach in user-product interaction that is 
focused on product design from the interaction perspective. This model is a combination 
of design science and statistics, which provides a new perspective for designers when 
interpreting evaluation results. This research describes the evaluation method within an 
experiment that studied users’ interactions with a high-end coffee machine, through the 
lenses of human science and usability evaluation. In our UPIE model, the final concept is 
derived from identification of relationships between human experience, affordance 
knowledge, and context-of-use. The final results of the evaluation model consequently 
reveal the interactions’ correlations that influence designers’ and users’ concepts of 
evaluation in product interactions. These relationships were used to form a hypothesis 
 III 
that certain evaluation principles in statistics science can inform the evaluation model 
with respect to aspects of affordance that trigger people’s understanding of a product’s 
use. Ultimately, the User-Product Interaction Evaluation was devised to help designers 
design products that are more user-friendly and therefore more desirable to consumers. 
 
Keywords: User-Product Interaction, usability, Affordance, Evaluation, Confirmatory 
Factory Analysis. 
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 1 
Introduction  
1.1 Opening 
 
The focus of this thesis is concerned with two complex and extensible concepts in 
product design; interaction and evaluation. Hence, a large number of references have 
been used in this research to explicate the concepts and their relationships, but have 
not previously been so precisely discussed from the viewpoint of user-product 
interaction and statistic evaluation. At first glance, it may seem similar to the study of 
Human Computer Interaction (HCI), in which many similar types of research have 
been conducted. But if you consider interaction design as a general concept, the 
majority of its research has been in the field of HCI, especially in regard to evaluation 
of interactions with screen-based interface design. In any design, though, interaction 
is inseparable and fundamental, whether it’s part of user interface design, software 
design, user-centered design, product design, web design, experience design, or 
interactive system design.  
Interactions between human and product, system or device can now be seen in 
every aspect of daily life. In product design, interaction is an important part of the 
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design process, but most types of interactions have not been fully investigated yet. As 
a product designer I have observed first-hand the lack of a structured reliable solution 
in the product-interaction design process, and for this aim more serious research 
needs to be conducted.  
The design process basically has two aspects: intuitive and scientific. Thus, this 
research generally wants to conceptually specify and experimentally approach 
usability evaluation in product interaction. In our research, there were several of these 
complexities that we wanted to verify. Based on this context, the general scope of 
importance of this thesis is visualized in Figure 1, which is User-Product Interaction 
Evaluation. 
 
 
	  
Figure 1: The scope of this research 
 
 
1.2 Vision 
 
There are dozens of interactive products that we use every day, such as mobile 
phones, computers, remote controls, coffee machines, etc. The list is endless. When 
pursuing my Master’s degree, I wanted to better understand the interactions within 
designs, as well as investigate the different aspects of interaction design. Based on my 
background I was more interested in product interaction than human-computer 
interaction. Most products require users to interact with them on different levels. 
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Some are easy and enjoyable to use, but some are complicated (or in some cases only 
look complicated to the user).  Good interaction is the core of usability, so to improve 
the interactivity in a product, we need to know more about the interaction values in 
our designs; what makes users feel comfortable about a product and what makes 
them want to use one certain button among ten on a product. These types of 
questions drove me to explore many different product design processes. I was always 
looking for more reliable steps in a design methodology, but since one side of this 
equation deals with a human user, it makes the process of design more difficult to 
predict. When I started working in this area I was encouraged to work on the whole 
process of design, but later I narrowed my research down to the engineering aspect of 
design. As a result, my Ph.D. research has become focused on exploring the evaluation 
and analysis in the design process, and my goal is to develop a design methodology 
that is based on data and scientific rigor. 
1.3 Objective 
 
Based on the above-mentioned contexts, the general objectives of this research 
are to: 
• Draw a scope of design evaluation in terms of user-product interaction 
• Extract and define the evaluation in user-product interaction 
• Present the “User-Product Interaction Evaluation Model.”  
The specific focus of this research is user-product interaction within usability 
evaluation. 
 
1.4 Research outline 
 
This research was accomplished during five phases. The phases within the 
outline of research are presented in Figure 2. The first phase was comprised of a 
literature review using the keywords "Interaction Design", "User Experience", 
"Affordance", and "usability" in general, and specifically "User-Product Interaction" and 
"Design Evaluation." The second phase dealt with choosing keywords concerning 
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design evaluation and then expanding the concept of user-product interaction and 
presenting the evaluation model of the concept. The third phase of this research was 
focused on testing the evaluation proposal using experimental approaches, fieldwork, 
exploratory inquiry and surveys on user-product interaction during several 
experiments on qualified case studies. The fourth phase included modifications and 
the final and fifth phase was writing the thesis and preparing the findings and 
conclusions for final model presentation. 
 
	  	  
Figure 2: The research outline and its phases 
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 2 
Interaction design 
2.1 Definition 
 
The term “interaction design” can be applied to many different aspects of the 
design field. It began with the term “Human Computer Interaction” (HCI) which was 
coined by Gibson in 1977 [1] and popularized by Card, Moran, and Newell in 1983, 
in their seminal book The Psychology of Human-Computer Interaction [2]. Lately, HCI 
and interaction design have been used interchangeably, but this is too limiting for ID. 
Generally, Winograd describes interaction design as “designing space for human 
communication and interaction” [3]. Thackara views it as “the why as well as how of 
our daily interactions using computers” [3], and Saffer emphasizes the artistic aspects 
of “facilitating interactions between people in richer, deeper, better ways” [4]. 
At its heart, interaction design is a multidisciplinary field, involving “industrial 
and communication design, human factors, and human-computer interaction” [4]. It 
can describe the creation of websites, multimedia design, Graphical-User-Interface 
design, or three-dimensional product design. It is not necessarily focused only on 
advanced technology but in all cases it can have a significant role and impact. It is a 
THE USER-PRODUCT INTERACTION EVALUATION (UPIE) MODEL: 
A Structured Method for Testing and Improving the Product Design 
 
 
 
 
 
 6 
“dialog between a person, product, system or service.” This dialog is both physical and 
emotional in nature and is manifested in form, function, and technology. To this end, 
we can call interaction designers “the shapers of behavior” [5]. 
Interaction design, as shown in Figure 3, is generally accepted as an umbrella 
term and it is a fundamental concept to all fields such as user interface design, 
software design, user-centered design, product design, web design, experience design, 
and interactive system design. 	   	  
	  
Figure 3: The disciplines surrounding interaction design [4] 
 
Interaction design is also a combination of different fields. One of the most 
important of these is cognitive psychology, which deals with understanding, memory, 
and perception. Another important field is art, where aesthetics and emotions are the 
core. We can say a design is most successful when it can affect the emotions of a user 
during interaction. A user should be able to easily understand how to accomplish the 
intended interaction with a product, and to do so in a pleasurable way [5]. To this 
end, we make a case for a new evaluation model that connects the behavioral area 
and functional area of user-product interaction design. 
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2.2 Problem 
 
There are many sorts of methods and processes which a designer can use for 
product development. Interaction design is a human-centered design discipline, and 
many practitioners engaged in these activities in this area have adapted the platitude 
that designed products should be “usable, useful, and desirable” [5]. Therefore, 
designers need a process that will enable them to build usability into a system. 
“Building usability into a system requires more than knowledge of what is good. It 
requires more than an empirical method for discovering problems and solutions. It 
requires more than support from upper management and an openness on the part of 
developers. It even requires more than money and time. Building usability into a 
product requires an explicit engineering process.” [6] Usability has an important role 
in affordance and interaction design, and this process has different phases which each 
need some defined details. 
Usability is a method of testing and evaluating new products and is a well-known 
concept in design and manufacturing contexts. It is not a standard method or tool, 
and is different from one product to another. It is a concept that can be defined 
differently based on the contexts of the projects. Scrutiny of the literature makes it 
possible to realize how many different approaches actually characterize the research 
in this field. There is a gap between the theoretical approach in evaluation and the 
practical implications in design, and this is important in the context of usability. This 
is a serious problem for researchers who want to develop evaluation methods in such 
a way that the results are more practical and operative to test when developing a 
product. 	  
2.3 History of interaction design 
 
Interaction design is somewhat of a vast theory in design. Human Computer 
Interaction (HCI) was popularized first as by Card, Moran, and Newell in their 
seminal 1983 book, The Psychology of Human-Computer Interaction (the authors first 
used the term in 1980 [4]) but it has been said that interaction design as a human-
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centered discipline began with Bill Moggridge in 1990. In actuality, it probably began 
much earlier, although not as a formulized discipline. It could be said that it began 
with Samuel Morse in the mid-1830s, when he invented a way of communication 
using electric pulses—or even earlier, in the context of any kind of communicative 
device or product. These types of systems and products were not only necessary for 
the receiving devices—such as radios and television sets—but also for the devices 
used to create and send messages: the telephone switches, microphones, television 
cameras, control booths, and so on.  
The first version of any product (especially computers) was engineered, not 
designed and users had to adapt to using them. They were completely machine-
centered or product-centered, not human-centered. At the same time as these 
developments in computer engineering were occurring, other disciplines that 
eventually informed interaction design were growing, too. Beginning in the 1960s 
computers became more powerful, and engineers began to focus on the people using 
them, devising new methods of user input as well as new uses for the machines.  
In 1968, Doug Engelbart made a 90-minute presentation that is now known as 
“The Mother of All Demos”. In it, Engelbart revealed the work he’d been doing for the 
previous several years, which essentially paved the way for the next two decades of 
interaction design. In 1970, the head of Xerox PARC, Bob Taylor, make a significant 
change to the policy of his company. He asked the employees to think of computers as 
human communication devices, not just as processing devices. Emphasizing the user 
became more and more important, especially in the development of graphical user-
interface design, an emerging field pioneered by Apple.   
In the 1980s, personal computing became the most significant area in interaction 
design. One-to-one interactions with technology and devices became more frequent 
for everyday consumers. Game consoles in the late 80s and early 90s were a popular 
example of one-to-one interaction devices that brought unprecedented graphics to a 
large public audience [4]. 
The 1990s saw the beginning of networked computing, and can also be called 
the beginning of interaction design as a formal discipline. Two industrial designers, 
Bill Moggridge, and Bill Verplank first coined the term “interaction design” while 
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working on the first laptop computer in the mid-1980s [8]. To Verplank, it was an 
adaptation of the computer science term “user interface design” within the industrial 
design profession [4]. To Moggridge, it was an improvement over “soft-face”, a term 
he had coined in 1984 to refer to the application of industrial design to products 
containing software.  
The first official academic degree program in Interaction Design was established 
at Carnegie Mellon University in 1994, with their Master of Design in Interaction 
Design. At first, it was more focused on screen interface design, but today the context 
of interaction is much larger, involving people, organizations, culture, services, and 
systems [10]. 
2.4 User experience 
 
User experience significantly affects the quality of user-product interaction. The 
primary requirement for an exemplary user experience is to meet the exact needs of 
the customer. The first experience with a product has its own effects and perceptions 
for users, which can have a lasting impact on the user’s perception of that product. It 
is important to know how a user understands what to do and how to do it (perception 
and action). The visual appearance of the device can provide critical clues required for 
proper usage and operation, and this required information might be affected by the 
pre-existing knowledge that the user has already learned. 
In Hartson’s definition, usability is “the pragmatic component of user experience 
including effectiveness, efficiency, productivity, ease-of-use, learnability, retainability, 
and the pragmatic aspects of user satisfaction.” This definition gives us a clue that by 
analyzing user experience we can achieve better usability in user-product interaction 
because these two things have great effects on each other [7-10]. 
According to Hartson and Pyla, “most in the field will agree that user experience, 
as the words imply, is the totality of the effect or the effects felt (experienced) 
internally by a user as a result of interaction” [7]. You can observe this relationship in 
Figure 4.  
 
THE USER-PRODUCT INTERACTION EVALUATION (UPIE) MODEL: 
A Structured Method for Testing and Improving the Product Design 
 
 
 
 
 
 10 
	  
Figure 4: User experience occurs between interaction and usage context [7] 
 
“Interaction” and “usage” are two general terms that can be interpreted as seeing, 
touching, and thinking about a function as well as the emotions that take place in user 
experiences even before any physical interaction. All interactions — physical and 
emotional, both before and after interacting with a product — can have an effect on 
the experience.  
In this example, usability and user experiences that result from interactions are the 
main factors. But usability can also be evaluated by different methods in design 
research, which we will discuss in upcoming sections. 
 
2.5 User-product interaction 
 
Humans perceive the world and its artifacts via their senses — seeing, hearing, 
smelling, tasting and touching — as well as their awareness of existence in an 
environment. Cognition is a process of understanding and decision-making and the 
result of this process is the user’s behavior based on their decisions, which leads to the 
actions as output. The core of user-product interaction is the way in which people 
perceive these sensations from the outside world. In Darley's point of view, the User-
Product Interaction has three cores: sensorial, cognitive, and physiological [11].	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Figure 5: The User-Product Interaction process [13] 	  
These days, many companies compete for better user satisfaction by paying 
special attention to the quality of the sensations and the perceived cognition of users. 
One of the methods used to evaluate this is SEQUAM (Sensorial Quality Assessment 
Method) which was developed by Lina Bonapace, a user experience researcher and 
educator, as a means of exploring and analyzing user-product interaction with the 
objective of generating data for design purposes [11].  
In another point of view, the study of how well people are able to use a product 
supports a definition of usability as the ‘quality of use in context’, which reflects the 
experience of somebody "doing something somewhere to accomplish a goal" [12]. In 
the design domain, usability has been defined as the interaction between the user and 
the product, "mainly focused on how people use the product" [13].  
In fact, usability focuses on the relationship between a particular scenario of use 
and the user-product interaction (task). Users engage with a design via their 
interactions and experiences. This is stated in Plowman’s 2002 study, which is 
founded on an ethnographic approach to material culture and explains how people’s 
experiences with everyday objects are directly derived from their feelings, behavior, 
thoughts and understanding of those objects in a cultural context [14]. 
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2.6 Overview of the design process  
 
There are many ways to describe design processes and can be discussed in two 
basic but fundamentally different ways. A product can be a design or a redesign, but 
there is a general process of phases that every designer or company needs to 
accomplish. These phases are: product discovery, project planning, product definition, 
conceptual design, product development and product support. Every stage of the 
design process includes a series of activities and can apply to system design, product 
innovation and redesigns. The detail and emphasis of each project will change based 
on the project definition [15].  
In Reid and Sanders’ opinion, the design process has 4 steps: idea development, 
product screening (a formal/structured evaluation process), preliminary design and 
testing (in which technical specifications are developed, prototypes built, and testing 
starts) and final design (which involves test results, facility, equipment, material, 
labor skills and suppliers) [16]. 
Hartson and Pyla envisioned the general design process as a “lifecycle” that could 
apply to any kind of design. (Figure 6) 
	  
Figure 6: The design lifecycle process [7] 
 
This iterative series of activities — design, implementation, evaluation and 
analyzing — are applicable to any design job no matter if it is a new product concept, 
a product redesign, or any other type of design [7]. 
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2.7 Evaluation and analysis in the interaction design lifecycle  
 
There are many sorts of methods and processes that a designer can use for 
product development. For example, Picard discussed the role of affect in user-product 
communication [17]. Jordan discussed the role of pleasure in product usage, [18] and 
Tractinsky et al demonstrated a relationship between affect and usability [19]. In 
addition, Forlizzi and Katja presented a framework for understanding and generating 
interactions and experiences in new products [20]. Recently there has been some 
attention focused on embodied and physical action in interaction design, such as in 
the efforts of You and Deng in investigating the role of actions in user-product 
interaction [21]. However, the tangible interaction design process is still not fully 
explored and new methods are needed.    
All design methods have different phases, each of which needs to be defined 
separately and integrally. In our study, we investigated the initial and deeper meaning 
of the relations and correlations between interactions of a product which can provide 
a unique set of data for designers. 
Evaluation is important and integral to the design process. When seeking to 
improve a design, evaluators must collect information about users’ or even potential 
users’ experiences when interacting with the product, prototype or design artifact [3]. 
Using a structured evaluation process helps both beginners and experts deal with the 
complex detail and demands of the project, and helps researchers know if they are on 
track.  
In our study, we used the design lifecycle process (Figure 6), and since the 
evaluation and analysis (Figure 7) of this process can greatly affect the success of a 
product they were our focus in this research. According to Hartson and Pyla, “Users 
will evaluate the interaction design sooner or later, so why not have them do it 
sooner—working with your team, using the proper techniques, and under the 
appropriate conditions—or you can wait until it is in the field, where you cannot 
control the outcome—visualize bad rumors about your product and huge costs to fix 
the problems because you have already committed the design to software” [7]. 
THE USER-PRODUCT INTERACTION EVALUATION (UPIE) MODEL: 
A Structured Method for Testing and Improving the Product Design 
 
 
 
 
 
 14 
	  
Figure 7: Evaluation and analysis in the product design lifecycle  
 
We needed to be able to evaluate the usability of interactions, but this quality is 
not directly measurable. However, we determined that through user interaction, we 
could provide some indicators that highlight the usability of a product, such as 
counting errors and time-to-task completion.  
 
2.8 Usability evaluation in design  
 
Usability is a widely known concept of testing and evaluating any new design, 
and usually this research is focused on consumer and professional products. With 
usability testing there is no one standard method or tool; the method can vary widely 
from one project to another, and is defined based on the context of the project needs 
[22]. The gap between the theoretical approach in evaluation and practical 
implications in design becomes even more important when it comes to usability 
evaluation [23]. 
“Usability testing offers an established method to improve the product and just as 
importantly, it offers a method to improve the process by which products are defined 
and developed” [12]. Effective usability testing is formal and structural, and should be 
used in the early stages of the design process.  
Usability evaluation is also structured in order to establish quantitative 
requirements in a user-centered design process and/or a phased user-testing plan. 
Most usability evaluations are laboratory-based but some involve field-testing. The 
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lab-based evaluations are performed under controlled conditions and evaluates the 
degree of the participants’ performance, and also observes whether they meet pre-
established usability criteria. Field-testing is common for understanding users’ 
behavior and responses to the prototype or product in the context of their own natural 
environment [12].  
Usability in basic user interface designs has been investigated more frequently 
but not in everyday products, such as coffee maker, vacuum cleaner, etc. For instance, 
Lewis conducted a psychometric evaluation of the Post-Study System Usability 
Questionnaire (PSSUQ) using data from several years of usability studies. Earlier he 
also used factor analysis to define three PSSUQ subscales: System Usefulness 
(SysUse), Information Quality (InfoQual), and Interface Quality (IntQual). In another 
study, Wang and Senecal developed a short, reliable, and valid questionnaire for 
assessing the perceived usability of a website, which they then used for comparative 
benchmarking purposes [3].  
Picard discussed the role of affect in user-product communication [17], and also 
You and Deng in investigating the role of actions in user-product interaction [21]. 
However, the tangible interaction design process is still not fully explored and new 
methods are needed.    
Overall, there is a lack of adequate research about user-product interaction 
evaluation. The concept of interaction is focused on the relationship between user and 
product, so a method which considers these relations as an effective aspect could be 
useful to designers. Usability tests are more about the user’s feedback and not about 
how a designer can use the test results in their redesign. Therefore, a method is 
needed which considers the interpretation of the results in the redesign.  
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 3 
User-Product Interaction Evaluation Proposal 
3.1 Concept of evaluation in design 
  
Design is grounded in two areas: (1) Scientific and (2) Intuitive. In most design 
processes, it is not possible to scientifically resolve every step, and therefore all 
scientific truths face intuitive limitations. Still, the scientific traditions can protect the 
design process against errors in a trustworthy way [1].  
 
	  
Figure 8: The concept of design in two areas 
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So if we assume humanities and engineering two aspects of scientific ground of 
design, and since our research is about the interactions and user behavior we decided 
to engage humanities evaluation methods in usability testing as an evaluation 
proposal.  
	  Figure	  9:	  Evaluation in scientific base of design	  	  
 
These days users expect more and more from designers. They ask them to 
consider every aspect of their interactions with a product and finally prepare a 
pleasant and satisfying experience for them. Besides users, the companies also need 
this satisfactions from their users in a huge market competition and to fulfill the user 
by their design and encourage them to use more and more of the same brand. Joy 
became an important goal for every designer. As Norman &Nielson Group notes 
“produce products that are a joy to own, a joy to use” [2]. 
There is a different way of evaluation based on the need in design. It means that 
what to evaluate can develop an evaluation method in a different way from others. In 
the next chapters, we explained the classifications and also our method category.  
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3.2 Summative vs. formative 
 
There are different categories and methods in design evaluation, such as 
“formative” and “summative” methods. These two terms were first used in the 
evaluation of educational curriculum but later were used in the evaluation of HCI [1, 
3, 4]. Generally, they are two categories of UX evaluation that lead to interaction 
design.  
Formative evaluation is typically conducted during the development or 
improvement of a program or product [5]. It is more focused on the collection of 
qualitative data, which is non-numeric and descriptive. Summative evaluation 
provides information on the product's efficacy and is typically quantitative, using 
numeric data such as user performance metrics or opinion ratings. It focuses on how 
to make the next version better than the previous one, by reviewing the quantitative 
data and using that data for quality assessments, especially when seeking to make 
improvements [6].  
Even if both formative and summative methods use the same data, they focus on 
different aspects which complete each other. Formative evaluation focuses on the 
process of completing the interaction with the product, but summative is more 
product-oriented and assesses the final product itself [7]. For example, summative 
evaluation can be used as a partner of formative evaluation for quantitatively 
summing up or assessing UX levels using metrics for user interaction such as tasks. 
	  
Figure 10: Formative/Summative 
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3.3 Rapid vs. rigorous and analytical vs. empirical  
 
Interaction evaluation methods can be described as either “rigorous” or “rapid.” 
Both methods have their own specifications and characteristics, but rigorous 
evaluation methods are more precise and rely on a process of preparation, data 
collection, and data analysis. Since the focus of our research required a more 
thorough, scientific analysis using quantitative measures and metrics, it was apparent 
that rapid evaluation would not be able to provide these goals sufficiently. 
Other methods of evaluation range from “analytical” to “empirical.” Analytical 
methods are based on the inherent attributes of design. Empirical methods also called 
“payoff methods” [3, 4, 6], and are based on how a design provides a payoff during 
observable usage. Some methods are a mix of analytical and empirical, and depend 
on the researcher’s and designer’s goals in each problem. For example, the GOMS 
Model (a specialized human information processor model for HCI) is an analytical, 
rigorous method. The RITE method (Rapid Iterative Testing and Evaluation) is an 
iterative usability method that is rapid and empirical. Heuristic evaluation is an 
informal method of usability analysis where a number of evaluators are presented 
with an interface design and asked to comment on it. The design walkthrough method 
is also rapid and analytic, providing immediate short-term benefits and helping 
designers identify design flaws and learn from them as they improve a design. Lastly, 
there is the think-aloud technique, which can be used in both rigorous empirical 
methods (which are lab-based) and rapid empirical methods (RTIE) [6,8].  
All these evaluation methods were developed for specific design areas and are 
based on goals or problems that can help designers evaluate usability and interactions 
with their designs. Even so, we feel that the ways of measuring user-product 
interaction still haven't been thoroughly investigated, and more exploration is still 
needed in order to provide designers with a broader range of options for evaluation. 
In Figure 11 you can see more specifications of each category in design evaluation.   
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Figure 11: Rigorous vs. rapid and analytical vs. empirical 
 
For example, heuristic evaluation is one of the most common evaluation methods 
in design. It is a quick and cheap assessment which can give rapid feedback to the 
designers. But it is not a complete method by itself and it may miss some issues 
during the evaluation, which is why it should be conducted alongside other methods.  
In fact, it will not provide the designer with any specific path that will help them 
prioritize any user issues they encounter. Another problem with this fast and cheap 
evaluation method is that it is efficient only with expert as users. Using expert as users 
to test a design has some advantages, but it also has many disadvantages and can lead 
to eventual problems for non-expert users. The questionnaire in this method can have 
a variety of structures; there is not a fixed way for preparing the questionnaire, and 
the results can be very general and vague if the questionnaire is not properly 
designed. 
  
3.4 Contextual location of the confirmatory factor analysis 
 
As discussed, several methods already exist for analyzing design and user 
interactions. However, we determined that a summative, formative and rigorous 
method would be most effective for our study. We also wanted a method that would 
have the same quality and legitimacy as scientific methods, and would be reliable and 
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repeatable. Since one important element of any design is the human element (which 
makes the interactions difficult to completely and directly measure) we used human 
science methods to assess these indicators [9, 10].  
A design methodology based only on the affordance concept cannot take the place 
of an effective design evaluation methodology within a complete design lifecycle, and 
measurement of this is a vital aspect of behavioral research in design [11, 12]. 
Measurement can make or break a study even if it seems well-designed and well-
executed. It is not possible to directly measure desire or satisfaction within the process 
of use, but by using a constructed evaluation method we hope to capture them [13].  
We determined that Confirmatory Factor Analysis (CFA), which is one of the most 
common evaluation methods, and is generally used for social and behavioral research, 
was the right human science-based method for analyzing our interaction evaluation 
[14]. In Figure 12 you can see the location of CFA in relation to other methods of 
design evaluation. 
  
	  
Figure 12: Contextual location of the confirmatory factor analysis 
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3.5 Conclusion  	  
As we mentioned, there is a lack of adequate research for user-product 
interaction evaluation. We highlighted the necessity for a method that can evaluate 
products in a reliable, scientific way through the lenses of human behavior and user-
product interaction. Our basic stance is that the best interactions prevent the user 
from spending hours or even days battling with devices. A product with a low quality 
of “good interaction” is not a good fit with a user’s cognitive and behavioral abilities 
and needs, and therefore is not desirable or interesting for him/her.   
We discussed many aspects of the different types of evaluations. For the concept 
of user-product interaction that is focused on the relationship between user and 
product, we determined that we need a summative/formative method that considers 
user-product relationships as an effective aspect. As a main part of any design, the 
user plays a significant role in the evaluation so we need a method for measuring user 
satisfaction with the same quality and validity as scientific methods. To measure the 
quality of interaction we borrowed from humanities-based methods for assessing 
these indicators. These specifications define our method as a combination of rigorous, 
empirical, and analytical methods, with affordance as the foundation for this concept.  
Here we are seeking a structured method to measure desire or satisfaction of 
usability in each step of the process of use. Confirmatory Factor Analysis (CFA) is one 
of the best and most common methods, and is generally used for social and behavioral 
research which we determined to be the best humanities-based method for evaluating 
our user-product interaction.	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 4 
The UPIE Model: a Combination of Affordance and 
Structural Equation Modeling  
4.1 Affordance 
 
Here we will discuss affordance as the basis of our hypothesis for the UPIE 
model. According to Gibson, affordance is when designers focus on how the design 
can help the user. In his words, affordance is “something that helps a user to do 
something” [1,2]. This statement can be used as a general definition and one that is 
applicable to most fields in design, but needs to be identified accurately based on each 
specific design area. In user-product interaction design, affordances are best described 
as the “direct perceptions” of cognitive, physical and/or functional characteristics in a 
product or system, and design features that help users perform tasks [1]. Direct 
perception points out a crucial aspect of affordance, and has two parts. First, it is the 
initial cognitive process that occurs in the user’s mind when first seeing a product, 
followed by the process of that user interacting with the product and understanding it 
as a meaningful, functional object [3].  
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In 1990, Donald Norman introduced the concept of affordance into the 
interaction design vernacular in his book, The Design of Everyday Things. Affordance 
has since been used in many different aspects of design, such as product design and 
interface design. For our study we needed to be able to categorize different types of 
affordances, so we began with Norman, who perceived affordance in terms of how it 
helps users with their cognitive actions which in turn lead to physical actions [4]. We 
also looked to Hartson, who described how sensory affordance plays an important 
role in interaction design and evaluation by focusing on users’ sensory actions. Yet 
another kind, functional affordance, ties usage to usefulness.  
In order to help clarify the concept of affordance across different categories, we 
clearly defined the four types, each of which plays a different role in supporting users 
during interaction and when performing a task [1]. These four types are: 
• Cognitive affordance: Helps users with their cognitive actions (thinking, 
deciding, learning, remembering and knowing about things) 
• Sensory affordance: Helps users with their sensory actions (seeing, feeling, 
hearing, tasting and smelling things) 
• Physical affordance: Helps users with their physical actions (touching, 
assembling, disassembling, gesturing, pointing, moving things and clicking) 
• Functional affordance: Helps users to perform tasks and get things done; to use 
the product to do a specific job [5]. 
 
	  
Figure 13: Affordance types by date 
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Based on these affordance types, we created a category of three types of 
interactions: cognitive, physical and functional. In Figure 14, you can see how the 
four affordance types lead directly to those interactions. We have grouped these 
interaction types into a single category in order to clarify our evaluation structure, 
based on our hypothesis.  
In the analysis, each interaction can include one or even two types of 
affordances. As Hartson put it, “cognitive affordance and physical affordance are stars 
of interaction design but sensory affordance plays a critical supporting role. In short, 
sensory affordance can be thought of as an attribute of cognitive affordance or 
physical affordance; users must be able to sense cognitive affordances and physical 
affordances in order for them to aid the user’s cognitive and physical actions” [5]. So 
it’s possible to synthesize sensory affordance into the other three, because none of 
them could exist without sensory affordance (see Figure 14). 
	  
Figure 14: Affordance into interactions 
 
Cognitive interaction holds significant benefits for users, especially those who are 
not experienced with the product and need help to understand how to use it (such as 
when a simple icon clearly conveys its meaning and therefore its function). We should 
emphasize that communication of meaning via cognitive interaction often depends on 
shared conventions. Physical interaction deals with tangible objects that help users to 
do something physically. Functional interaction connects physical and cognitive 
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interactions to usefulness, and adds purpose for cognition and the resulting physical 
actions of the user. All cognition and physical actions of the users help them to 
accomplish a goal or achieve a purpose [1]. These three categories of interaction in 
product evaluation were highly useful in our modeling. 
 
4.2 Structural Equation Modeling (Confirmatory Factor Analysis) 
 
As previously mentioned, Confirmatory Factor Analysis (CFA) which is a part of 
Structural Equation Modeling (SEM) is a general statistical modeling technique that is 
used to establish relationships among variables. It is a confirmatory technique that 
tests models which have been conceptually derived from a primary hypothesis (which 
in our study was based on affordance theory), and also tests if a theory fits the data 
(which in our case were the visible interactions) [6]. Essentially, SEM is a 
combination of factor analysis and multiple regressions that allow us to 
simultaneously test both the measurements and the structural relationships that are 
specified in our models.  
In order to build SEM into our UPIE model, we used LISREL (Linear Structural 
Relations) software. In LISREL, covariance is the strength of the association between 
X and Y and their variables, and is the basic statistic of SEM. This allows the designer 
to understand different patterns of correlations among a set of variables in a model 
and also explain as much of their variance as possible with the model specified [7]. 
 
4.2.1 Details and benefits of using SEM  	  
The logic behind Structural Equation Modeling is that every theory or model 
implies there is a set of correlations. This correlation can be between latent variables 
and visible variables, and specifies why variables are correlated one to another. 
Regarding the importance of using a theory to build our model, it is a necessary but 
insufficient condition for the validation of the theory that it should be able to 
reproduce the correlations that we actually observed in our data. Essentially in SEM, 
we were looking for a correlation between the model that we specified and the data 
that we collected, which should be near to zero (00.00) [8]. 
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There are three main advantages of using SEM rather than simple or multiple 
regressions. The first is that SEM allows for multiple dependent variables whereas 
regression allows a structure to predict only a single dependent variable. This 
provides a way for the designer to consider the interaction using multiple factors in 
the evaluation. Second, SEM allows variables to correlate with one another, whereas 
in regression we must adjust for other variables in the model. We must establish a 
control for the variables and any other independent variables in the model in order to 
look at the relationships between them (specifically, between the independent 
variables and dependent variables). Third (and the most important advantage of 
using SEM over regression) is that SEM accounts for measurement errors, whereas 
regression assumes that the measures are perfect [9]. 
 
4.2.2 Uses of SEM  	  
The most common use of SEM is for testing a theory or model. Theory testing 
measures the strength of a prediction and/or its associations in models with multiple 
dependent variables [6]. In our case, since the designer needed to prepare a model 
based on the relations and correlations between interactions (latent and visible), SEM 
showed us how effective our model was and if we needed to modify it. Some 
modifications suggested by the LISREL software can help the designer gain a better 
perspective and therefore a better perception of the model. SEM can also be used to 
test the mediation, also known as the “test of indirect effects” [10]. It is also possible 
to use regression to test mediation, but SEM is much easier because researchers don't 
have to go through the steps one by one; everything can be done simultaneously.  
Another major advantage of this framework is that we can analyze a product using 
the same data, but in a different way. This is possible by building a model designed 
specifically for our purpose. For the basic analysis, we constructed the model based on 
the interaction between each part, but it can be also based on user characteristics such 
as gender, educational level or cultural differences. In any case, SEM will reveal if the 
proposed model is structurally sound or not.  
Using CFA also allowed us to develop an affordance-based hypothesis and a well-
structured evaluation method, which would not have been possible using other 
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exploratory methods such as Correspondence Analysis (CA), Decision Making Trial 
and Evaluation Laboratory (DEMATEL) or Interpretive Structural Modeling (ISM). 
As you can see in Figure 15, there are two types of SEM. In the first type, 
Exploratory Factor Analysis (EFA), there is no prior assumption and relationships 
between the factors, and it is not pre-structured by the evaluator. But in Confirmatory 
Factor Analysis (CFA) the structural model is based on the prior hypothesis, and the 
result can be related to the hypothesis and also interpreted based on the relations and 
correlations of the visible and invisible factors that indicated by designer. 
 
	  
Figure 15: The two types of SEM 
 
The structure of CFA within all the models consists of measured/visible variables 
and latent/invisible variables, which are both derived from a hypothesis. (Figure 16). 
Based on this structure and the affordance hypothesis we can now propose our new 
User-Product Interaction Evaluation  (UPIE) Model. 
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Figure 16: CFA structure 
	  
	  
	  
4.3 Affordance in the confirmatory factor analysis structure 
 
In Chapter Three, we categorized interaction types into three groups based on 
affordance theory. In the structure of CFA we used affordance theory as hypothesis of 
our evaluation method, and pointed out that CFA includes two types of variables:  
•  Invisible (latent) 
•  Visible 
All the actions that occur during the interactions can be described as visible 
variables, and the categories of interaction are the invisible variables. (See Figure 17) 
 
	  
Figure 17: Affordance in the confirmatory factor analysis structure 
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For example, as you can see in Figure 17, CV1 and CV2 represent the cognitive 
interactions, PV1 and PV2 represent the physical interaction, and FV1 and FV2 
represent the functional interaction. Together, these form the two aspects of invisible 
and visible variables. We can observe and evaluate the visible variables using 
statistics-based methods such as reliable and validated questionnaires. The output 
data during this process led each visible variable into a category of invisible-variable 
interaction categories. 
 
4.4 Conclusion  	  
Interaction, as a dialog between users and usable things, should be considered 
more. Interaction is a basic part of all designs, and should therefore be part of any 
design activity. The UPIE model we propose is a synthesis of affordance and statistics-
based analysis. The notion of affordances is appealing in its direct approach towards 
the factors of human perception and action that make interactions easier to learn and 
perform. As a means for analyzing interactions, affordances should be useful in 
exploring the quantitative aspects of interactions to assess their quality. 
More generally, considering affordances explicitly in evaluation as the hypothesis 
may help suggest ways to improve the usability evaluation of new artifacts. In 
providing an integrated account of a complex configuration of attributes, the concept 
contributes to affordance theory and SEM methods, which deal with the correlations 
between variables in the analysis.  
This chapter lays out a framework for applying the notion of affordance in 
evaluation at the level of details and correlations. This concept provides a valuable 
way to summarize the evaluation into a general structural equation model for a new 
artifact. It can guide us in designing artifacts by emphasizing desired affordances and 
de-emphasizing undesired ones. Perhaps most important, it allows us to focus not just 
on technologies or users, but also on the fundamental interactions between the two.  
This framework provides a new model with a structured set of operations which 
can provide more explicit information, and which a data analyst can use to make 
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more specific judgments based on case studies. In future studies, more detail and 
specification of this model provide a well-defined framework of practical experiments 
using this method, which provides designers with a new and more specific evaluation 
method for user-product interactions.	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 5 
User-Product Interaction Evaluation (UPIE) Model 
Specifications 
5.1 User-Product Interaction Evaluation (UPIE) Model proposal and 
stages 	  
In order to investigate the aspects of user-product interaction evaluation and 
affordance that influence product design and users’ understanding of a product’s use, 
we conducted a case study experiment in the Design Management Laboratory at 
Chiba University in December 2014 which resulted in the User-Product Interaction 
Evaluation (UPIE) model.  
To illustrate how the UPIE model works, we conducted a usability evaluation of 
a recently designed product, the DeLonghi Nespresso Lattissima-Pro (a high-end 
coffee machine), which provided the data to support our model. This particular coffee 
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maker was chosen due to its integrated types of interactions: Cognitive, Functional, 
and Physical. After the experiment was conducted, the results were analyzed and 
modifications were made. The following paragraphs describe this evaluation in detail. 
As shown in Figure 18-20 and Table 1, the UPIE model has three sequential 
stages: (1) Identification (of product and user) and data collection, (2) Analysis and 
assessment, and (3) Interpretation of results. Every step has several parts, which 
designers can use as data sources on which to base subsequent stages.  
 
 
Figure 18: UPIE Model: Identification and data collection 
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Figure 19: UPIE Model: Analysis and assessment 	  
	  	  
Figure 20: UPIE Model: Interpretation of results 	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Table 1: The UPIE model’s stages 
 Key Actions Data Sources Result 
Stage 1: 
Identification & 
data collection  
  
 
  
(1) Subject identification Affordance theory, 
designer knowledge, 
interaction testing 
with 60 users, video 
recording, 
questionnaire 
Product 
interactions table, 
questionnaire 
based on the table,  
data from 
questionnaire 
(2) Make a table of 
interactions and design 
the questionnaire 
(3) Preparation of the 
experiment & pilot 
experiment 
(4) Final data collection 
 
Stage 2: 
Analysis & 
assessment 
(1) Design the model Data from 
questionnaire 
The modified 
model of product 
interactions, 
Syntax output file 
(2) Model identification 
and estimation 
(3) Assessment of model 
fit 
(4) Modification of 
evaluation model 
Stage 3: 
Interpretation of 
results 
(1) Interpretation of 
results and conclusion 
The modified model of 
product interactions, 
LISREL syntax output 
file 
Present the 
information about 
the interactions, 
their faults and 
their priority for 
redesign 
(2) User-Product 
Interaction Evaluation 
model of the product  
 
5.2 UPIE Model (case study) 
5.2.1 Identification 
5.2.1.1 Subjects and object 
 
The UPIE model was designed to evaluate the interactions between a user and a 
product. In our evaluation process, the product is referred to as “object” and users are 
the “subjects”. Since the UPIE model is user-centered, the users are the “samples” of 
this model. As mentioned previously, direct perception plays a significant role in 
affordance. This type of perception happens at the first moment of interaction with a 
product and influences how the user perceives and understands a product as a 
meaningful, functional object [1]. With this in mind, the first important aspect of 
choosing subjects for participation in the UPIE-based experiment was that they need 
to be completely inexperienced about the object. This part of the model relies on the 
user’s immediate, first impressions and understanding of the product.  
Since the UPIE model is user-centered, the users (subjects) are the “samples” of 
this model. Determining sample size requirements for Structural Equation Modeling 
(the other cornerstone of UPIE) is a challenge often faced by investigators and peer 
reviewers. Generally speaking, in SEM the sample size for a study can range from 30 
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to 460 [2]. For the UPIE model, we used a sample size of 60.  
As mentioned before, the focus of the UPIE model is on evaluating the initial 
experience of a user with a new product. This means the samples should be users who 
have never used the product before, but also ones who are most likely to use the 
product. 
For choosing the most suitable and desirable interaction evaluation aspect of a 
product in this method, we investigated the different aspects of evaluation and 
interaction in general. In the first step we prepared a table using everyday products 
that are designed for in-home use. 
Table 2 shows the products with different brands and their interaction levels 
based on UPIE model interaction categories (cognitive, physical, and functional). It 
shows a general view of products within the market in September 2014. We tried to 
choose from different categories with different types and levels of interactions. Some 
of them were old products with new technology, and some were brand new, more 
innovative home products.   	  
Table 2: Products selection 
Product Company Functional Physical Cognitive Timing 
Rice cooker 
Tiger       
Normal Zojirushi    Tochiba    
Hitachi    
Food 
processor 
Tiger       Easy Tescom    
Air dryer 
Sharp Plasma 
Cluster       
Normal Mitsubishi    
Toshiba    
Zojirushi    
Air Fryer Philips       Easy 
Miso soup 
maker Marukovme       Easy 
Slow juicer Hurom       Normal Toshiba    
Green tea 
maker Sharp       Normal 
Coffee maker Nespresso       Normal 
 
Fewer or easy interactions      More or complicated interactions 
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After this step we made a new table, but this time from the point of view of the 
advantages and disadvantages. We prepared three different points of view: 1) 
Moderate Interaction, 2) Ranking of Interaction, and 3) New Technology. For future 
studies and better verification of the UPIE model we knew we would need to test our 
evaluation model on a wider variety of products and make a wider comparison, since 
having a reasonable comparison was one of our goals in choosing the most suitable 
perspective.  
In Table 3, Moderate Interactions means having a moderate amount of all three 
interactions in a single product. Ranking of Interactions translates to the existence of 
all three kinds of interactions but at a different level in each product. In each of them, 
one type of kind of interaction is dominant. Finally, the New Technology category is 
based on existing products with new options and/or innovative technology.  
 
Table 3: Different evaluation’s points of view 
Viewpoints Description  Advantages/disadvantages Categories  Products 
Moderate 
Interactions 
There are three kinds 
of interactions in all 
products at an 
average level (not too 
easy, not too 
complicated) 
+ Have results in a balance level 
on any kind of interactions  
+ Three similar cases for testing 
the method several times 
+ Reasonable comparison  
Different / 
similar 
products 
- Rice 
cooker 
- Air dryer 
  
  
- No variety in results 
- Less generalizable 
Ranking of 
Interactions 
There are three kinds 
of interactions but at 
different levels in 
each product.  
In each one (CI-PI-FI), 
one kind of 
interaction is 
dominant. 
+ Results in three kinds of 
ranking of interactions levels  
+ Variety in results  
+ More generalizable  Different products 
 
Any kind … 
  
From printer 
to miso soup 
maker -  Not a reasonable comparison   
  
New 
Technology  
Based on new 
technology in old 
functions or products  
+ Acceptable evaluation method 
for new design 
+ Variety in results  
+ More generalizable  
Different / 
similar 
products 
- Green tea 
maker 
- Fast coffee 
maker 
- Slow juicer 
- Air fryer 
Categories 	  
 
Since this evaluation uses a user-centered method and it is tied strongly to user 
experience and the “New Technology” category, there were options with new user 
experiences. So even if the product was based on an old idea but with new options, it 
can still create new experiences and challenges for the same users.  From this point of 
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view, when searching for a case study for our model, three new ideas or semi-new 
idea were in the market: Green tea makers, Slow Juicers, and Capsule Coffee Makers. 
Within this group, the juicer and coffee maker are old ideas with new technology and 
the green tea maker is the innovative product.  
For our main study, the DeLonghi Nespresso Lattissima-Pro coffee machine was 
chosen (Figure 21) due to the third point of view and also its integrated types of 
interactions: cognitive, functional, and physical. So in this way, it would also provide 
the moderate amount of interaction in all categories. Also, the DeLonghi coffee maker 
consists of three main parts which each be considered as a separate product and 
therefore provide separate instances for the evaluation model. This would also give us 
the option to compare the interactions with each part, as well as create a summarized 
model (which is an option in the UPIE model when evaluting complex product such as 
this). Another reason for choosing this product, as mentioned before, is that the focus 
of the UPIE model is on evaluating the initial experience of a user with a new product, 
and the samples should be selected from users who have never used the product 
before. The DeLonghi coffee maker provided the perfect case study for the testing, 
modification and verification of our model [3] 
 
 
Figure 21: The Delonghi Nespresso Lattissima Pro coffee maker 
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5.2.1.2 Table of interactions table and design questionnaire 
 
The next step of the UPIE model is to prepare a table of interactions that 
separates the product into its main parts. Separating the machine into parts can help 
the designer in modeling and in making the final assessment. This table of 
interactions will also help them design the questionnaire for the participants in the 
evaluation. We should mention that in this stage, designers will need to rely on their 
prior knowledge of design and the interaction categories to form this table. 
For our experiment with the DeLonghi coffee maker, we divided our table 
based on the machine’s three main parts (main body, milk container, and keypad) and 
then determined specific questions for each sub-part as you can see in Figure 22-23.  
 
 
Figure 22: Main body  
Figure 21 
1 Lever 
2 ON/OFF button 
3 Water tank 
4 Coffee outlet 
5 Drip grid 
6 Drip tray 
7 Pivoting cup support (not removable) 
8 Used capsule container 
9 Steam connector door 
10 Telescopic hot water spout 
11 Hot water spout storage area 
12 Steam connector 
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Figure 23: R.C.S milk container                     Figure 24: Keypad 
25 Milk Froth regulator knob 
26 Insert position for Milk froth 
      regulator knob 
27 Min. froth 
28 Max. froth 
29 .CLEAN.: automatic rinsing function 
30 Milk container Lid 
31 Milk spout 
32 Milk container 
33 Milk aspiration tube 
34 R.C.S. connector 
 
13 Lungo 
14 Espresso 
15 Ristretto 
16 Hot water 
17 Warm milk 
18 Cappuccino 
19 Latte Macchiato 
Display (navigation) 
20 Menu/Menu 
21 Scroll up when Menu is activated 
22 Option selection when Menu is activated. 
23 Scroll down when Menu is activated 
24 Text display 
 
In Table 4 you can see each sub-part and the connected interaction. Each part 
may have up to three different interactions which provides a guide for how to design 
the questionnaire.  
 
Table 4: Product's interactions table 
Main	  parts Sub-­‐parts PI* FI** CI*** Integrated	  Interaction 
Main	  body 
1-­‐Capsule ✓	   -­‐	   ✓	   2 2-­‐	  Lever ✓	   -­‐	   ✓	   2 3-­‐	  On/off -­‐	   ✓	   ✓	   2 4-­‐	  Tank ✓	   ✓	   ✓	   3 5-­‐	  Drip	  tray ✓	   -­‐	   ✓	   2 6-­‐	  Cup	  support -­‐	   ✓	   -­‐	   1 7-­‐	  Steam	  connector ✓	   ✓	   ✓	   3 
Milk	  
container 
8-­‐	  Milk	  froth	  knob ✓	   ✓	   ✓	   3 9-­‐	  R.C.S.	  connector ✓	   -­‐	   ✓	   2 10-­‐	  Milk	  spout ✓	   -­‐	   ✓	   2 11-­‐	  Milk	  Tube ✓	   -­‐	   ✓	   2 12-­‐	  Max/min	  froth -­‐	   -­‐	   ✓	   1 13-­‐	  Froth	  cleaning -­‐	   -­‐	   ✓	   1 14-­‐	  Container	  lid ✓	   -­‐	   ✓	   2 15-­‐	  Container	  connector -­‐	   ✓	   -­‐	   1 
Keypad 
16-­‐	  Coffee	   -­‐	   ✓	   ✓	   1	  17-­‐	  Hot	  water	   -­‐	   ✓	   ✓	   1	  18-­‐	  Menu	   -­‐	   -­‐	   ✓	   1	  19-­‐	  Select	   -­‐	   -­‐	   ✓	   1	  20-­‐	  Scroll	   -­‐	   -­‐	   ✓	   1	  
*Physical Interaction, **Functional Interaction, ***Cognitive Interaction 
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The blue color in Table 4 shows the affordance categories, which are also the 
invisible variables of the UPIE model. The red color shows the actual tasks within the 
interaction, which are the visible variables of our model. 
The next step is to design the questionnaire for participants to answer. Each 
question should be related to one sub-part, and each sub-part can have between one 
and three interactions to define and evaluate. 
Repeating a similar sentence structure can help simplify and clarify the questions 
for participants. For example, regarding sub-part number two in the table above, the 
questions all begin with “Very easy to…” as shown in Figure 24. It is recommended 
that a five- or seven-level Likert scale be used for the answers (a Likert scale is a 
bipolar scaling method which measures either positive or negative responses to a 
statement [4]). 
 
- Regarding the Lever  
Very easy to Find                              Very difficult to Find                                           
Very easy to Use                               Very difficult to Use 
 
 
 
In this example, the first scale (easy or difficult to find) is for cognitive interaction 
and the second scale (easy or difficult to use) is for physical interaction. A picture of 
the part can also be provided next to the question to clarify which part is being 
discussed. In addition, the designer should include a list of the pre-determined tasks 
next to the questions, to provide participants with the proper context. 
Since our target group were Japanese, we needed the Japanese translation for our 
questionnaire. Three native Japanese speakers who were also experts in speaking 
English were asked to operate the experiment and after they understood the purpose 
of the questionnaire, they prepared three separate translations. The final 
questionnaire was written based on a review of all three, along with a Japanese 
expert designers’ cooperation. The final version of the questionnaire can be seen in 
Appendix 1.  
 
Figure 25: A sample of questions 
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5.2.2 Preparation of the experiment  
 
The experiment station should be set up in a controlled, quiet space and should 
remain undisturbed for the duration of the entire experiment. Each participant should 
be able to work with the product in a normal manner and have easy access to all 
required equipment and manuals. The atmosphere should be relaxed; users should be 
calm and allowed to interact with the machine at their own pace. The goal for each 
participant is to try to determine how the machine works and then complete a set of 
pre-determined tasks. Make sure the participants know that you are evaluating the 
product, not their actions [5]. It is a good idea to video each user’s interactions for 
later review. 
In our study of the coffee maker, the experiment consisted of one-on-one sessions 
(researcher–participant) in which the user completed seven pre-determined tasks, 
which covered most types of defined interactions with coffee makers. Next, each 
participant was asked to complete a questionnaire about the case study. The 
workstation was set up in a private room which contained the coffee maker and other 
necessary equipment for using the machine, as well as a digital video camera for 
recording the interactions.  
 
	  
Figure 26: Experiment station 
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5.2.3 Pilot experiment  
 
Every product evaluation needs a pilot experiment to help the examiner determine 
what parts of the experiment might need to be modified and to check the reliability of 
the questionnaire. For our experiment, we invited 10 users to participate in a pilot 
test, in which they performed several pre-determined tasks and then completed a 
questionnaire about their experience.  
 
 
Figure 27: Pilot experiment outline 	  
After collecting the data, we used SPSS software (Statistical Package for the Social 
Sciences) to check the validity and reliability of the questions. In the main body, we 
listed 15 variables and used Cronbach's alpha to measure the consistency of the users’ 
responses. As mentioned before, Cronbach’s alpha is used in statistics for assessing the 
reliability of scales. It is a measure of internal consistency that shows how closely 
related to a set of items are as a group [6]. 
 As seen in Table 5, the alpha coefficient for these 15 items was 0.758, suggesting 
that the items had relatively high internal consistency (a reliability coefficient of .70 
or higher is considered “acceptable” in most social science research situations) [7]. 
You can observe the same situation in Table 6 for the milk container as well. If the 
alpha coefficient had been less than .70, the additional tables of Cronbach’s alpha test 
would have provided us with a guide for which questions needed to be modified. 
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Table 5: Reliability statistics (milk container) 
Cronbach's 
Alpha 
N of Items 
.768 15 
 
In Table 7 in the keypad parts, we listed 5 variables. The alpha coefficient for five 
items is 0.578, suggesting that the items have relatively low internal consistency. 
Here, since the alpha coefficients are less than .70, the “Item-Total Statistics” 
Cronbach’s alpha test provides the information for the designer regarding the 
questions that need to be modified. If the alpha coefficient in our test had been less 
than .70, the additional tables of Cronbach’s alpha test would have provided us with a 
guide for which question/s needed to be modified. 
 
Table 6: Reliability statistics (main body) 
Cronbach's 
Alpha 
N of Items 
.730 15 
 
 
Table 7: Reliability statistics (keypad) 
Cronbach's 
Alpha 
N of Items 
.578 5 
 
Same as our case, if the alpha coefficient had been less than .70, the additional 
tables of Cronbach’s alpha test would have provided us with a guide for which 
question/s needed to be modified. 
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5.2.4 Final experiment data collection 
 
For the main experiment portion of the UPIE model, the recommended sample size 
for accurate structural equation modeling is 50 users. The sample size must be more 
than the amount of questions; otherwise the SEM will not work with the analysis 
model. In our coffee maker evaluation, 56 sets of data were collected. Participants 
were allowed to use the manuals to complete the tasks. They were also encouraged to 
take their time as if they were at home and trying to figure out how to use a new 
product. The average time to complete the seven pre-determined tasks was 35 
minutes. Most of the participants were Japanese and gender distributions were equal.  
After finishing the tasks, the participants were asked to complete the questionnaire 
based on their experience. The usage process was recorded on a digital video camera 
for further studies. Also, the examiner observed all 56 experiments to collect extra 
behavioral information.  
 
	  
Figure 28: Final experiment outline 	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5.2.5 Model identification and estimation  
5.2.5.1 Model definition 
 
The basis of all structural modeling is the creation of a causal diagram that 
specifies how variables causally interact with each other, similar to any regression 
model. In contrast to normal regression models, the LISREL software estimates 
parameters using simultaneous equations. This makes it possible to estimate many 
parameters in complex structures of interaction [18]. As mentioned before, all the 
models consist of measured/visible variables (the sub-parts’ interactions) and 
latent/invisible variables (affordance categories). As seen previously in Table 4, there 
are three main parts for this product, for which we made three separate SEM models. 
For example, the touch screen part has only two latent/invisible variables and five 
visible variables, but as you can see in Figure 29, below for the main body part, there 
are three latent variables (cognitive, functional, and physical) and 15 visible variables 
(x1-x15). 	  
	  
Figure 29: Main body basic model 
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And also as you can see in Figure 30, for the milk container part there are three 
latent variables and 14 visible variables (x16-x29).  
 
 
Figure 30: Milk container basic model 
 
And in Figure 31, the keypad part has only two latent variables and five visible 
variables (x30-x34) as you can see in the model. 
 
 
 
Figure 31: Keypad basic model 
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The circles labeled ξ (ksi) represent latent variables or “common” factors. A factor 
can point to more than one observed variable. In Figure 30, cognitive interaction (𝜉1b) 
causes seven observed variables, such as x16 or “milk froth knob 1,” but functional 
interaction (𝜉2b) causes only two observed variables such as x18 or “milk froth knob 3,” 
and physical interaction (𝜉3b) causes five observed variables such as x16	  or “milk froth 
knob 2.” The three 𝜉i are expected to covary, as represented by 𝜙21b,	  𝜙32b, and 𝜙31b on 
the two-headed arrows. 
Factor loadings are represented by 𝜆ij. For example, 𝜆116	   is the effect (regression 
slope) of 𝜉1b, on x16. The squared factor loading (𝜆!"! )	   is referred to as a commonality 
representing the proportion of variance in the ith observed variable that is explained 
by the jth latent variable [17]. The circles labeled 𝛿i (delta) represents the unique 
factors that affect only a single observed variable. The 𝛿i	   incorporates all the variances 
in each xi, such as measurement error, which is not captured by the common factors. 
At last, error in the measurement of x21	   is expected to correlate to some extent with 
measurement error of x21, as represented by 𝛿2122. Table 8 below summarizes the CFA 
notations discussed thus far [20]. 
 
Table 8: Notations for Confirmatory Factor Analysis [21] 
Name Symbol Matrix Form Description 
Ksi 
X 
Lambda 
Phi 
Theta delta 
𝜉 𝜒 𝜆 𝜙 𝛿 
 𝛸 𝛬 𝛷 𝛩! 
Latent variable 
Observed variable 
Factor loading 
Factor Variance and covariance 
Error variance and covariance  
 
In general, the rectangles in the model represent the actual interactions that 
happen during the use of the product. The ellipses represent the latent 
variables/intangible constructs that are measured by a variety of indicator variables. 
These latent variables, which are affordance-based interactions, have been extracted 
from the primary hypothesis [21]. In SEM, the structural models, or “path diagrams,” 
are often used to specify interactions. In these models, causal flow is shown from left 
to right and top to bottom. Straight arrows are used to represent the direct effect and 
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curved arrows represent the bidirectional/correlational relationships. The designer 
must use their prior knowledge of structure and analysis to propose the best models. 
In the assessment stage the relationships between the variables, which by default 
would be calculated using the software, should present their strength. The LISREL 
software needs two inputs for data and a structural model for the analysis process. 
Our UPIE model was drawn by indicating the latent and visible variables. Based on 
the category in Table 4, the designer should draw the relations between the visible 
and latent variables, but in the default model there should be correlations between all 
latent variables. The default models are actually the predictions of the visible 
interactions’ correlations. Visible and latent variables will make up the measurement 
model, which will be tested in the assessment stage. For drawing the structural 
model, there should be more visible variables than latent variables [22]. 
In our experiment, we used confirmatory factor analysis, as well as latent variable 
path analysis (LVPA) for the measurement of our model. Using CFA allowed us to test 
relationships between variables, items, indicators and latent factors. 
 
5.2.6 Assessment of model fit  
5.2.6.1 Definition 
 
In order to properly assess model fit, parameters need to be estimated based on 
mathematical criteria. The goal is to minimize differences between the observed and 
implied covariance matrices by using SEM. The model estimation process begins with 
initial estimates which are input into LISREL. According to Jöreskog, the estimated 
parameters in the desired four matrices (Beta, Lambda, Psi, and Theta) are estimated 
based on the total correlation matrix of all observed variables. LISREL needs this 
correlation matrix as input. For creating the correlation matrix the SPSS program is 
used, and the resulting matrix is imported into LISREL [15]. LISREL estimates the 
model iteratively. This means that it starts with some collection of starting values for 
all the free parameters and assesses model fit. It continues to do this until 
improvements of fit between changes become negligible. We then say the model has 
converged [23,24]. 
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After creating the models and entering the data, unweighted least squares should 
be used as the method of estimation. The difference here is the mathematical formula. 
After this, the designer will need to rebuild the model (based on the estimated model 
in the software) by setting up and building SIMPLIS syntax, and then running the 
program for assessment. In Figure 32, you can see one of the models in our 
experiment. The path diagram shows two goodness-of-fit statistics: the Chi2 with 
associated p-value and the Root Mean Square Error of Approximation (RMSEA). 
RMESA is a weighted function of the residual correlations and the number of cases, 
eliminating any problems that the Chi2 suffers from [24]. 
More detailed fit statistics can be found in the output file. The path diagram is 
produced to compare the picture with the one drawn in the preparation phase. Or in 
other words, to check if your syntax actually describes what the designer wanted to 
describe.  
 If the path diagram appears after pressing F5, then the LISREL syntax has worked 
correctly and the model is able to be estimated. The software in this stage will then 
prepare a new model that shows the correlation strength of the predicted model. Here 
the designer can see if his indication and assortment of the primary model is correct 
or not. Figure 32 shows the categorized interactions and factor loading of their 
relation and correlation in the proposed model, based on affordance theory. 
Based on the insights we have discussed, a factor model can be seen as a 
measurement of the observed interactions, and the interactions between multiple 
factor models can be seen as the causal structure of the actual world (within the 
boundaries of the scope of the model). A full LISREL model (for example, Figure 32) 
describes both simultaneously. The right side (interaction between factors) we call the 
structural model, and the left side (factor loadings and error terms) we call the 
pattern model (or measurement model). In the complete LISREL model, four different 
types of model parameters (arrows in the model diagram) can be specified, making 
them either: (1) free for estimation, (2) fixed to a certain specified value, or (3) free 
for estimation but constrained to be equal to other specified parameters. These types 
of model parameters often refer to characters of the Greek alphabet as we mentioned 
before in Table 8 [25]. 
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The output file contains much more information, based on the options in the 
output command. The following sections are presented in our case study: 1- Copy of 
the syntax; 2- Overview of the model command; 3- Covariance matrix; 4- Detailed 
specification of all estimated parameters; 5- Parameter estimates of all used matrices 
with t-values and standard errors; 6- Goodness-of-fit statistics; 7- Fitted covariance 
matrix and residuals; 8- Standardized solution; and 9- Completely standardized 
solution.  
Problems, warnings and errors are put into the appropriate sections. The estimates 
and fitted residuals can provide valuable information about any problems that exist. 
The estimates are usually reported with their standard errors or t-values. Also, the 
goodness-of-fit statistics should always be reported. These prove that the estimates 
are correct. 
The results are then written to the output file “SEM.OUT,” which consists of 
several sections. Various goodness-of-fit statistics are listed. The model chi-squared 
(Chi2) is the most basic fit statistic with connected degrees of freedom (df). This 
number needs to be as small as possible and preferably non-significant. Non-
significance here means that the empirical correlation matrix does not differ 
significantly from the fitted (modeled) covariance matrix. 
 
 
Figure 32: Primary model of the milk container 	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In our example in Figure 32, X2 is 157.03, which is so large that the null 
hypothesis of a good fit is rejected at the .05 level (p<.000). The degree of freedom 
is 74=105–31. There are 102 sample variance and covariance elements and 31 
unknown parameters including 14 causal relations (𝜆ij), 14 error correlations (𝛿i) 
and three latent correlations (𝜙ij). The p-value needs to be close to or less than .05. 
The RMSEA (0.143) is also large enough to reject the null hypothesis (p<.000).  
A rule of thumb for the Comparative Fit Index (CFI) is that values greater than 
roughly 0.90 may indicate reasonably good fit of the researcher’s model. CFI is one of 
a class of fit statistics known as incremental or comparative fit indices, which are 
among the most widely used in SEM. Here CFI 0.05 is small, therefore this factor 
model shows poor fit and should be modified. 
 	  
5.2.6.2 Primary fit models of experiment 
 
After any estimation the first step is to check the Goodness-of-Fit. If there is a 
problem the output syntax will show a “W_A_R_N_I_N_G”.   
In the first version of the main body model there were correlations between 
latent variables by software default (𝜙31a, 𝜙21a, 𝜙32a), as you can see in Figure 33. But 
by checking the output the warning message: “is	 not	 positive	 definite” was 
observed. In this situation the researcher needs to find out what to change or what 
correlation should be deleted to make a positive goodness-of-fit. In the main body 
model the correlations between the latent interactions needed to be deleted.  
The results are then written to the output file “SEM.OUT,” which consists of 
several sections. Various goodness-of-fit statistics are listed. The model chi-squared 
(Chi2) is the most basic fit statistic with connected degrees of freedom (df). This 
number needs to be as small as possible and preferably non-significant. Non-
significance here means that the empirical correlation matrix does not differ 
significantly from the fitted (modeled) covariance matrix. [24] 
In our case study, the first main part is the main body and as you can see in Figure 
33, X2 is 146.01, which is so large that the null hypothesis of a good fit is rejected at 
the .05 level (p<.000). The degree of freedom is 89=120–31. The p-value needs to be 
close to or less than .05. The (RMSEA), 0.108 is also large enough to reject the null 
hypothesis (p<.000). Here also (CFI) 0.05 is small, therefore this factor model shows 
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a poor fit and needs to be modified. There are 115 sample variance and covariance 
elements and 31 unknown parameters including 16 causal relations (𝜆ij), 15 error 
correlations (𝛿i) and no latent correlations (𝜙ij). 
A rule of thumb for the Comparative Fit Index (CFI) is that values greater than 
roughly 0.90 may indicate reasonably good fit of the researcher’s model. CFI is one of 
a class of fit statistics known as incremental or comparative fit indices, which are 
among the most widely used in SEM. Here CFI 0.05 is small, therefore this factor 
model shows poor fit and should be modified [24, 26]. 
 
	  
Figure 33: Main body primary assessment model 
 
We discussed the milk container before, so in the keypad model we can see that 
the basic model generated by the software shows an acceptable goodness-of-fit and 
doesn’t need any modification. X2 is 00.00, which is the smallest possible. The degree 
of freedom is 2=15–13. There are 15 sample variance and covariance elements and 
13 unknown parameters including seven causal relations (𝜆ij), five error correlations  
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(𝛿i) and one latent correlation (𝜙ij). The p-value needs to be close to or less than .05. 
The (RMSEA), 0.000 is also large enough to reject the null hypothesis (p<.000). Here 
also (CFI) 1.00 is big enough; therefore, this factor model shows a strong fit and 
doesn’t need to be modified. 
	  Figure	  34:	  Keypad primary assessment model	  
 	  
5.2.7 Modification of evaluation model  
 
5.2.7.1 Definition of UPIE Model 
 
Some modification suggested by the software can help the designer to correct the 
causal correlation and also define the related errors in the model. For modification 
indices, the output also gives hints about which parameters can be freed in order to 
improve the overall model fit. These modification indices are organized in the usual 
four matrices. Higher values mean a higher positive impact on model fit. This is 
shown in the similar expected change section that shows the Chi2 reduction for these 
parameters. LISREL reports modification indices, both in the path diagram (by 
choosing modification indices from the estimation menu) and in the output. This can 
help the researcher along in the modeling process [27].  
However, before applying these modifications the designer should consider that as 
long as any decisions made on the basis of modification indices are theoretically 
meaningful and do not result in an unidentified model, they can be helpful in 
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improving model specification. All the suggestions are just based on mathematical 
assessment and should be checked by the designer. 
Modifications should be applied step by step on each model. This pattern was used 
only for SEM in the interaction evaluation model. For the first step, the designer 
needs to check the causal suggested relations between the visible and latent variables 
to see if there is a meaningful relation, and then they can be added to the model. This 
step can help the designer to modify the basic proposed interactions model of a 
product [28, 29]. 
After the first modification the designer also needs to check the software 
suggestions for errors covariance (most of the time the suggestions for the causal 
relation between the visible and latent in this stage are repetitive and were already 
checked by the designer in the previous modification level, but it can be checked 
again for theoretically meaningful covariance). 
By checking the errors covariance in the modification model in step two, the 
designer can observe that a difference in one variable can affect the loading factor on 
the other one. Make sure that after each step in the modification, the fit of the model 
should be checked again in the same way as the first time in the model-making.  
Interpretation of the final model will provide new and helpful information 
regarding the interactions of a product. The data in SIMPLIS Syntax can provide the 
comprehensive information about each product included in the structural model 
analysis, including the coefficient of determination 𝑅!. This is a number that indicates 
how well the data fits a statistical model. It provides a measure of how well the 
observed outcomes are replicated by the model, as well as the proportion of total 
variation of outcomes explained by the model, path loadings, and errors covariance 
[30]. 
 
5.2.7.2 Modification suggestions in the experiment 
 
In our case study experiment, for “Main body” part, there are many suggestions, but 
only five two of them are theoretically meaningful. If we add covariance between 
cognitive interaction and “Lever 2” (x4), X2 will decrease by 22.09; and again by 
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adding the covariance between “Drip tray ” (x11) and functional interaction, X2 will 
decrease by 29.94. It is the same for other covariances, but because the standardized 
loading (which is another effective set of parameters in calculating “Lever 2” (x4), and 
“Drip tray ” (x11), and others are so high, it is possible that the items are actually 
tapping into different value dimensions. In figure 35 you can see the first step of 
modification.  
 
 Figure	  35:	  Main body modifications (step 1)	  
 
In the second step we checked the error covariances. There were several 
suggestions but only five of them were meaningful. You can see the error suggestions 
in Figure 36. Again we should emphasize that the goodness-of-fit should be checked 
after every modification stage.  	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 Figure	  36:	  Main body modification (step 2)	  
 
For the “Milk container,” four suggestions are given in the output of our case 
study, but only two of them are theoretically meaningful. If we add covariance 
between functional interaction and “milk froth knob-2” (x17), X2 will decrease by 
199.51; and again by adding the covariance between “froth cleaning” (x26) and 
functional interaction, X2 will decrease by 9.21. But we can say in general, making 
these modifications can affect goodness-of-fit for the model. But because the 
standardized loading on “milk froth knob-2” (x17), and “froth cleaning” (x26) are so 
high, it is possible that the items are actually tapping into different value dimensions. 
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 Figure	  37:	  Milk container modification (step 1)	  	  
Here in Figure 38 you can see the suggested errors covariance and that the 
meaningful covariance is defined. Here in the second step most of the suggestions 
look meaningful and they can help the model. The meaning of each covariance in this 
section is explained in the next chapter.  
Regarding the keypad part, the basic model generated by the software showed a 
successful goodness-of-fit and modification was not needed.  
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  Figure	  38:	  Milk container modification (step 2)	  
 
5.2.7.3 Applied proper modification and final model 	  
 
The final model for interpretation is initially developed based on the causal map 
discussed in the previous chapter. By conducting multiple modification processes 
based on modification indexes of LISREL, the best structural model with the highest 
X2/df and goodness-of-fit statistics is identified. You can see the final model for all 
three parts in figure 39 to 41.  
 
	  Figure	  39:	  Keypad final model	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  Figure	  40: Main body final modified model	  	  
	  Figure	  41:	  Milk Container final modified model	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As you can see in our model we utilized three different models for the three 
different main parts of our product (in the next chapter we will discuss the 
interpretation of the final models). Each model presents different aspects of the 
product evaluation. Different and important output is shown in previous figures by 
blue and red arrows. The red arrows indicate the loading factor of each visible 
variable which is directly connected to its R2 and the blue two-sided arrows are 
representative of the error variances. Also, the correlations between the invisible 
variables are marked by the orange circles in the last three figures.  
We need to mention that we were seeking an unbiased result for our case study, 
and we found that the P-values were not good enough which is due to serious design 
issues in the product chosen for our case study and these problems were specifically 
detailed in our UPIE model. 
 
5.2.8 95% Confidence interval of mean 
 
In the next and the last stage of assessment, the designer needs to perform a 95% 
confidence interval1  (CI) test to determine which parts of the product have problems 
with interaction, and compare their perceived quality to the expected quality in this 
graph. In our first case study experiment with the Nesspresso coffee maker, there were 
34 interactions. In the Likert scale, number “2” deals with the expected quality ratio in 
interactions, and based on the 95% CI only 11 of the presented interactions can partly 
pursue this level of accepted quality. Still there were 24 interactions which were not 
in the range of accepted quality. The information in Figure 42 reveals primary 
knowledge for a designer regarding the quality of the interactions in a product. 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 A 95% confidence interval is a range of values that you can be 95% certain contains the true mean of the 
population. It is the portion of variation in the dependent variable (visible), explained by variation in the 
independent variable (latent). [32] 
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  Main	  body	  Milk	  Container	  Keypad	  
Figure 42: 95% Confidence interval of mean 
 
5.2.9 Result interpretation   	  
By using the UPIE model and checking the data for coefficient of determination 
(R2) from the LISREL output (loading factor and R2), and the 95% confidence interval 
of mean, the designer can determine which part to focus on and which one does not 
have an important effect on the model’s goodness-of-fit. This means that focusing on 
the design of certain parts of the product is the priority for improving the whole 
concept of affordance in that product [32,33]. In fact, this is one of the main purposes 
of this evaluation method. It provides a practical guide for the designer which they 
can use in their design process. It also provides an efficient design path for prioritizing 
the errors. As mentioned before in Figure 42, based on the 95% CI only 11 of the 
presented interactions can partly pursue this level of accepted quality and the other 
24 interactions are not in the range of accepted quality.   
For our experiment we prepared three separate R2 tables to compare the 
importance of interaction in each part. We have the 95% confidence interval of mean 
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graph and table of R2 for “Main body” part (see Table 9). As we can see in the green 
dash line of Figure 43, eleven variables couldn’t pursue the level of accepted quality in 
our assessment. Our interpretation from the R2 table gave a more detailed view to the 
designer which showed the value of each part in the whole quality of interaction for 
this main part. By checking the 95% CI of those 11 sub-parts we can observe that the 
cognitive interaction of “capsule (1)” (x1) is not of acceptable quality, but its R2 is 
0.098, which is very small and plays the least important role in goodness-of-fit of our 
product model. In contrast, as you can see for “drip tray (2)” (x11) and “cup holder” 
(x12), the R2 is 0.55 and 0.52, which indicates a significant role. It means that any sub-
part with a bigger R2 can have a greater effect on the improvement of our model. The 
model represents the interactions of our product, which means sub-parts with higher 
R2  have more significant interactions.  
 
Table 9: Coefficient of determination R2, in main body model   
Main bodies’ 
Part 
Cognitive 
Interaction 
Functional 
Interaction 
Physical 
Interaction 𝑥!- Capsule (1) 0.098   𝑥!- Capsule (2)   0.24 𝑥!- Lever (1) 0.11   𝑥!- Lever (2) 0.11  0.11 𝑥!- On/off (1) 0.39   𝑥!- On/off (2)  0.26 0.26 𝑥!- Water tank (1) 0.081   𝑥!- Water tank (2)   0.18 𝑥!- Water tank (3)  0.18 0.18 𝑥!"- Drip tray (1) 0.33   𝑥!!- Drip tray (2)  0.55 0.55 𝑥!"- Cup holder 0.52 0.52 0.52 𝑥!"- Hot water 
spout (1) 
0.32   𝑥!"- Hot water 
spout (2) 
 0.29  𝑥!"- Hot water 
spout (3)	     0.20 
 
 
 
Figure 43: 95% confidence interval (main body)  
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Based on this data, here are the sub-parts, listed in order of importance to the 
interactions: 
1- x11- Drip tray (functional, physical) R2 = 0.55 
2- x12- Cup Holder (cognitive, functional, physical) R2 = 0.52 
3- x5- On/off button (cognitive) R2 =0.39 
4- x10- Drip tray (cognitive) R2 = 0.33 
5- x13- Hot water spout (cognitive) R2 = 0.32 
6- x14- Hot water spout (functional) R2 = 0.29 
7- x15- Hot water spout (physical) R2 = 0.20 
8, 9 - x9, x8-Water tank (cognitive, functional, physical), R2 = 0.18 
10- x7- Water tank (cognitive) R2 = 0.081 
11- x1- Capsule (cognitive) R2 = 0.098 
 
There is another important advantage of the UPIE method. The output file also 
contains error covariances, which can help the designer determine how to improve 
one interaction by working on another one. For example, in the “main body” model 
(Figure 40), there are correlated errors between “hot water spout” and all variables 
(x13, x14, x15). It shows that improvement in the quality of interaction for each of them 
will have a direct effect on other qualities of interaction. 
In the second main part (milk container), again there is a comparison between 
Figure 44 and Table 10 as shown below. It is observable that the “milk tube” cognitive 
and physical interactions (x23, x24) have the highest perceived quality of interaction, 
but by checking their coefficient of determination on the model, it shows that they 
play the least important role in goodness-of-fit (x23 R2=0.019, x24 R2=0.084). In 
contrast, there are five qualities that have significant effect on the interaction model, 
which are “milk froth knob (2)”, “milk spout (2)”, “milk froth knob (3)”, “R.C.S 
connector”, and “froth cleaning”. There are still four more interactions for the milk 
container part that need to be redesigned based on the red dashed line in Figure 44, 
because they didn’t have an acceptable quality of interaction.   
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Table 10: Coefficient of determination, R2 in milk container model 
Milk containers’ Part Cognitive 
Interaction 
Functional 
Interaction 
Physical 
Interaction 𝑥!"- Milk froth knob (1) 0.17   𝑥!"- Milk froth knob (2)  0.66 0.66 𝑥!"- Milk froth knob (3)  0.41  𝑥!"- R.C.S. Connector (1) 0.41   𝑥!"- R.C.S. Connector 
(2) 
  0.14 
𝑥!"- Milk spout (1) 0.21   𝑥!!- Milk spout (2)   0.65 𝑥!"- Milk Tube (1) 0.019   𝑥!"- Milk Tube (2)   0.084 𝑥!"- Max/Min froth 0.21   𝑥!"- Froth cleaning 0.41 0.41  𝑥!"- Container lid (1) 0.17   𝑥!"- Container lid (2)   0.34 𝑥!"- Container Connector  0.021  
 
Here are the milk container interactions, listed in order of importance:  
1- x17- Milk froth knob (functional, physical) R2 = 0.66 
2- x22- Milk spout (physical) R2= 0.65 
3- 4, 5- x18-Milk froth knob (functional, physical), x19- R.C.S connector 
(cognitive), and x26– Froth cleaning (cognitive, functional), R2= 0.41 
6- x28- Container lid (physical) R2= 0.34 
7- x21- Milk spout (cognitive) R2= 0.21 
8- 9- x16-Milk froth knob (cognitive), x27- Container lid (cognitive) R2= 0.17 
 
In Figure 41 there are many error correlations. Some of them are more 
predictable, such as the correlated error between “container lid” (cognitive x27, and 
physical x28), but the correlated error between “froth cleaning” (cognitive and 
functional) x26 and “milk spout” (cognitive) x21 might not be easy to predict. This 
shows that improvement in the quality of interaction for each of them can have a 
direct affect on the other one.  
The last but not least output is the correlations between the invisible variables in 
each model. In Figure 41, these correlations are indicated by the orange circles. Based 
on the data in this figure, the correlation between the cognitive interactions and the 
Figure 44: 95% Confidence interval (milk container) 
THE USER-PRODUCT INTERACTION EVALUATION (UPIE) MODEL: 
A Structured Method for Testing and Improving the Product Design 
 
 
 
 
 
 70 
other two types of interactions are strong which shows the importance of 
improvement in this type of interaction and its effect on the goodness-of-fit of the 
evaluation model and consequently the product.  
This part is much easier to interpret. All the variables in this part are lower than 
expected, and most show acceptable interaction quality except for the “menu button” 
(𝑥!") as shown in Table 11 and Figure 45. 
 
Table 11: Coefficient of determination, R2 in milk container model 
Keypads’ Part Cognitive 
Interaction 
Functional 
Interaction 𝑥!"- Coffee selection 0.30 0.30 𝑥!"- Hot water button 0.27 0.27 𝑥!"- Menu button 0.038  𝑥!!- Select button 0.78  𝑥!"- Up/down button 0.51  
 
 
 
 
The coefficient of determination role is shown in Table 11. Here are the 
interactions in order of importance: 
1- x33- Select button (cognitive) R2= 0.78 
2- x34- Up/down button (cognitive) R2= 0.51 
3- x30- Coffee selection (cognitive, functional) R2= 0.30 
4- x31- Hot water button (cognitive, functional) R2= 0.27 
 
Table 11 shows us how important the basic function of “selection” and “scroll 
up/down” is, as well as the most problematic variables based on the blue dashed line 
in Figure 45 (“coffee selection”). Here making priorities is complicated; the designer 
can see the importance of the “select button” and “coffee selection” but in different 
aspects. This means that both are important and need to be redesigned. Also the 
correlation between the invisible variables is also high and indicates a significant role. 
In Figure 42 the more important interaction has been marked in each main part.  
Figure 45: 95% Confidence interval (keypad) 
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5.2.10 Summarized model in product  
5.2.10.1 Definition and basic model 
 
Another benefit that the UPIE model provides to the designer is the opportunity to 
decrease the variables and summarize the data into a simple model in the evaluation 
process. The summarized evaluation model is constructed by summarizing the sub-
parts into meaningful groups, as seen in Figure 46. 
	  
Figure 46: Basic summarized model 
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For providing the summarized model shown in Figure 46 we categorized the 
interactions into meaningful groups based on their definition in Table 4. After 
calculating the mean of each category we can design the model by defining the latent 
and visible variables. For example “capsule (1)” and “lever (1)” are both cognitive 
interactions for the “main body”, so they will be in one group.  
This model helps the designer make a general assessment and interpretation of the 
quality of interactions in each main part. If there is a strong correlation with the 
model’s structure it means the design of that part or sub-part is successful. In some 
products there may be too many visible variables, but this general model can help the 
designer to decrease these variables into a simpler and more interpretable model.  
 
5.2.10.2 Interpretation of results of the summarized model 
experiment  
 
In the final summarized model which was generated using LISREL, we can see 
that the model has a successful goodness of fit, and since it is a summarized model 
there is no modification needed. The Chi2 is 31.54 and degree of freedom is 19=36–
17. There are 36 sample variance and covariance elements and 17 unknown 
parameters including eight causal relations (𝜆ij), eight error correlations (𝛿i) and one 
latent correlation (𝜙 ij). The p-value needs to be close to or less than .05. The 
(RMSEA), 0.110 is also large enough to reject the null hypothesis (p<.000).  
 
	  
Figure 47: Summarized evaluation model for coffee maker 
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The summarized model shows a high level of correlation between cognitive 
interaction and functional interaction. It shows that any improvement to one of them 
can have a positive impact on the result of the other one. 
 
Table 12: Coefficient determination, R2 in summarized model 
Summarized model’s variables Cognitive 
Interaction 
Functional 
Interaction 
Physical 
Interaction 𝑥!"- Cognitive interaction (Main body) 0.61   𝑥!"- Cognitive interaction (Milk container) 0.20   𝑥!"- Cognitive interaction (Keypad) 0.081   𝑥!"- Functional interaction (Main body)  0.25  𝑥!!- Functional interaction (Milk container)  0.34  𝑥!"- Functional interaction (Keypad)  0.20  𝑥!"- Physical interaction (Main body)   0.35 𝑥!"- Physical interaction (Milk container)   0.54 
 
 
On the other hand, the causal relationships within the cognitive interactions in 
the main body play an important role in product improvement, which is also one the 
weakest variables from the 95% confidence interval mean table (Figure 48). 
Functional interaction in the keypad has the lowest CI, but its impact on product 
improvement is not good. The second most effective interaction of this coffee maker is 
physical interaction with the milk container.  
In Figure 49 you can see the basic step-by-step process of the UPIE model, which 
provides an easy to follow evaluation method for designers and researchers.  
	  Figure	  49:	  User-­‐Product	  Interaction	  Evaluation	  Model	  (step	  by	  step)	  
Figure	  48:	  95% Confidence 
interval of summarized model 
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5.3 Heuristic experiment and results   	  
As we mentioned before in chapter four, the heuristic method is one of the most 
common methods of evaluation in the design process. We chose to use this method in 
an experiment with five designers as the participants interacting with the same 
product (Lattisma Pro coffee maker). Our goal was to compare the results from a 
proven method with the results from our proposed UPIE method, which would allow 
us to determine the efficacy of the UPIE model. In Figure 50 you can see the outline of 
our heuristic experiment.  
 
 Figure	  50:	  Heuristic evaluation outline 
In this experiment, we provided the same environment as the one used in our UPIE 
testing. The experiment station was set up in a controlled, quiet, private space. Each 
designer/participant worked with the coffee machine in a normal manner and had 
easy access to all required equipment and manuals. The workstation also contained a 
digital video camera for recording the interactions. 
This evaluation was also a series of one-on-one sessions (researcher–designer) in 
which each designer was free to evaluate the coffee maker at their own pace, and to 
make a list of any problems and/or suggestions they encountered while using it. 
These lists were prioritized based on each designer’s point of view.  
In the final step we summarized the problems/suggestions provided by the 
participants/designers into this list:  
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• Not enough feedback from machine before, during, and after each task.  
For example, the coffee making function and the hot water function. 
• Difficult to understand the messages conveyed from most of the symbols and 
buttons. 
• More written indicators for the functions are needed.  
• Too dependent on the manual / instructions.  
• Difficult to work with the cup holder. 
• No cancel button. 
• The cleaning function and the design of the milk spouts is misleading and 
confusing.  
• Method for emptying the used coffee capsule is inconvenient.  
• Weak physical and cognitive interaction with the water tank. 
 
In reviewing the results of the heuristic experiment, we noticed that most of the 
problems mentioned above were also encountered and noted by participants in the 
UPIE model experiment. But what makes the UPIE model more valuable is how much 
more specific the questionnaires were in regard to each function and interaction. In 
other words, the UPIE model allows evaluators to prepare a well-structured 
questionnaire for real users, which is one of the weaknesses of the heuristic evaluation 
(in many cases the designers are not the real users).  Also making the prioritized list 
of problems/suggestions from the designers’ lists was difficult and time-consuming.  
In summary, the results of the heuristic evaluation of the coffee maker were 
similar to the results from the UPIE experiment, which verifies the efficacy of our 
model. At the same time, it shows how accurate and specific the results of the UPIE 
model can be, in comparison to the more general results of a heuristic evaluation 
which (unlike the UPIE method) doesn't provide designers any guide for redesigning 
the product.  
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5.4 Second Experiment (Slow juicer)  
5.4.1 Identification 
5.4.1.1 Subjects and object 	  
For verification of the UPIE model’s generalizability, we decided to conduct our 
second experiment in a different country and culture, with a new product suitable to 
our target group. We chose a new target group in Kerman, Iran and used the Hurom 
Slow Juicer for the case study. This type of product is frequently used in Iranian 
houses, and is also a good example of an old product with new technology that is new 
to the market. It has a normal ranking of all types of interactions, and is referenced in 
Table 2 on page 41. With this product, there were fewer functions and fewer parts 
compared to the DeLonghi coffee maker. All parts are illustrated in Figure 52.  
 
Figure 51: Hurom slow juicer 
 
 
 
 
 
 
 
 
 
 
 
1 Pusher 
2 Hopper 
3 Auger 
4 Fine strainer 
5 Coarse strainer  
6 Spinning Brush 
7 Silicone Brush  
8 Chamber 
8-1 Pulp outlet 
8-2 Juice outlet 
 
9 Auto-pulp lever 
10 Juice Cap 
11 Pulp container  
12 Base  
13 Juice container 
16 Hopper lid  
17 Handle  
18 Operating switch  
19 Power cord 
 
Figure 52: Hurom overview 
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In this experiment, we can investigate if this model is usable in other countries 
with different cultures. The sample size was 53 users and the target group used for 
the sample was chosen based on who is most likely to be a user of this product.  
 
5.4.1.2 Interactions table and design questionnaire 
 
For the next step (preparing the interactions table) we determined that in some 
cases there can be more than one sub-part involved in a single interaction, so we 
changed the “sub-part” section in Table 13 to “Part(s) involved in the interaction(s)”. 
The preparation of the interaction table is one of the most important steps of this 
method because in any experiment, the structure of the main UPIE evaluation model 
is based on the information and categorization in this table. Compared to our previous 
experiment (the coffee maker) the juicer has fewer interactions, so this table has only 
one section.  
 
Table 13: Slow juicer interactions' table 
 
Main	  parts Part(s)	  involved	  in	  the	  interaction(s) PI* FI** CI*** Integrated	  Interaction 
Slow	  juicer 
1-­‐Hopper	  -­‐	  Chamber ✓	   -­‐	   ✓	   2 2-­‐	  Auger	  –	  Fine	  strainer ✓	   -­‐	   ✓	   2 3-­‐	  Fine	  strainer	  -­‐	  Spinning	  Brush ✓	   -­‐	   ✓	   2 4-­‐	  Spinning	  brush	  –	  Auger	  –	  Fine	  strainer ✓	   -­‐	   ✓	   2 5-­‐	  Chamber	  –	  Base ✓	   -­‐	   ✓	   2 6-­‐	  Juice	  outlet -­‐	   ✓	   -­‐	   1 
7- Pulp outlet -­‐	   ✓	   -­‐	   1 
8- Auto pulp lever ✓	   -­‐	   ✓	   2 
9- Handle  ✓	   -­‐	   -­‐	   1 
10- Operating switch -­‐	   ✓	   -­‐	   1 
*Physical Interaction- **Functional Interaction- ***Cognitive Interaction 
	  
The next step is to design the questionnaire for the participants to answer. Each 
question is related to one of the “Part(s) involved in the interaction(s)”, and each 
“Part(s) involved in the interaction(s)” can have up to three interactions to define and 
evaluate. As with the questionnaire for the coffee maker, we prepared a list of pre-
determined tasks next to the questions, to provide participants with the proper 
context. But since our target group was Iranian, we also prepared a Persian 
translation for our questionnaire, which can be seen in Appendix 7. 
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5.4.2 Preparation of the experiment  
 
The experiment station was set up in a controlled, quiet space. The workstation 
was in a private room which contained the juicer and other necessary equipment for 
using the machine, as well as a digital video camera for recording the interactions.  
 
5.4.3 Pilot experiment  
 
As seen in Table 14, the alpha coefficient for our 16 visible variables of the 
questionnaire is 0.743, suggesting that the items had relatively high internal 
consistency. After noting this result, we moved forward with the main experiment.  
 
Table 14: Reliability statistics (juicer) 	  
Cronbach's Alpha N of Items 
.743 10 
 
5.4.4 Final experiment data collection 	  
For the main experiment portion of the UPIE model, the recommended sample size 
for accurate structural equation modeling is 50 users (a sample size less than the 
amount of questions would render the SEM useless for the analysis model). In our 
juicer evaluation, 53 sets of data were collected. Participants were allowed to use the 
manuals to complete the tasks. They were also encouraged to take their time as if they 
were at home and trying to figure out how to use a new product. The average time to 
complete the seven pre-determined tasks was 15 minutes. All of the participants were 
Iranian and gender distributions were equal. The experiments were conducted in a 
private classroom in the public cultural center in the city of Kerman, Iran.   
After finishing the tasks, the participants were asked to complete the questionnaire 
based on their experience. Their usage process was recorded on a digital video camera 
for further studies. The examiner also personally observed all 53 experiments to 
collect extra behavioral information. Figure 53 shows the juicer experiment’s outline.  
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  Figure	  53:	  Slow juicer experiment outline	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5.4.5 Model identification  
 
As seen previously in Table 13, this product has only one main part, for which we 
made one SEM model. The model and its specifications are shown in Figure 54. 	  
	  Figure	  54:	  Slow	  juicer basic model	  
 
5.4.6 Assessment of primary model fit, modification, and the final 
model  
 
After designing the SEM UPIE model for the juicer using the LISREL software, we 
assessed the primary model as you can see in Figure 55. In the juicer, the UPIE 
primary model X2 is 164.02, which is so large that the null hypothesis of a good fit is 
rejected at the .05 level (p<.000). The degrees of freedom is 101=136–35. There are 
101 sample variance and covariance elements and 31 unknown parameters including 
16 causal relations (𝜆ij), 16 error correlations (𝛿i) and three latent correlations (𝜙ij). 
The p-value needs to be close to or less than .05. The RMSEA (0.110) is also large 
enough to reject the null hypothesis (p<.000)  and by the result of syntax output we 
have the goodness of fit for this model as well (see Appendix 9 for more information). 
THE USER-PRODUCT INTERACTION EVALUATION (UPIE) MODEL: 
A Structured Method for Testing and Improving the Product Design 
 
 
 
 
 
 81 
 
 
	  Figure	  55:	  Slow	  juicer primary SEM model 	  
As you can observe in Figure 56, for the modifications suggested by the software 
there are only five suggested error covariances, and the most important one has been 
defined in blue. Among these five error covariances, only four of them look 
meaningful based on the information and categorization of the products’ sub-parts.  
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Figure 56: Slow juicer modification  
 
The final interpretation model is initially developed based on the causal map. By 
conducting the modification processes based on the modification indexes of LISREL, 
the best structural model with the highest X2/df and goodness-of-fit statistics is 
identified as shown in Figure 57.  
	  
Figure 57: Slow juicer final model 
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For the final steps (but before the interpretation of the result) in this experiment 
with the Hurom slow juicer, we provided the 95% Confidence Interval of mean graph 
for the 16 interactions (Figure 58). As mentioned in the Likert study, number “2” on 
the scale deals with the expected quality ratio in interactions, and based on the 95% 
CI only four of the presented interactions can partly pursue this level of accepted 
quality. Still there are 12 interactions, but they are not in the range of accepted 
quality.  
Among the 12 variables, the designer can check the coefficient of determination 
or (R2) of all variables. With the comparison between the R2 of those 12 interactions 
(Table 15) and the 95% confidence interval of mean juicer (Figure 58), the designer can 
decide which interaction is more effective on the structure of the interaction quality in the 
product.  
 
Table 15: Coefficient determination, R2 in juicer 
Main bodies’ Part Cognitive 
Interaction 
Functional 
Interaction 
Physical 
Interaction 𝑥!- Hopper (1) 0.19   𝑥!- Hopper (2)   0.14 𝑥!- Auger & strainer (1) 0.32   𝑥!- Auger & strainer (2)   0.46 𝑥!- Strainer & Spinning 
brush (1) 
0.39   𝑥!- Strainer & Spinning 
brush (2) 
  0.52 𝑥!- Chamber (1) 0.33   𝑥!- Chamber (2)   0.52 𝑥!- Assemble on the 
engine (1) 
0.020   𝑥!"- Assemble on the 
engine (2) 
  0.12 𝑥!!- Pulp outlet   0.73  𝑥!"- Juice outlet  0.26  𝑥!"- Auto pulp lever (1) 0.040   𝑥!"- Auto pulp lever (2)  0.0070  𝑥!!- Handle	     0.034 𝑥!"- Operating switch	    0.10  	   	  	  
Figure	  58:	  95% Confidence interval of mean juicer 
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The interactions are below, in order of importance:  
1-x11- Pulp outlet (Functional) R2= 0.73 
2- x8- Chamber (2) (physical) R2=0.52 
3- x6- Strainer & Spinning brush (2) (physical) R2=0.52 
4- x5- Strainer & Spinning brush (1) (cognitive) R2= 0.39 
5- x7- Chamber (1) (Cognitive) R2= 0.33 
6- x3- Auger (1) (Cognitive) R2= 0.32 
7- x12- Juice outlet (Functional), R2= 0.26 
8- x1- Hooper (1) (Cognitive), R2= 0.19 
9- x16- Operating switch (Functional), R2= 0.10 
10- x13- Auto pulp lever (1) (Cognitive), R2= 0.040 
11- x15- Handle (Physical), R2= 0.034 
12- x14- Auto pulp lever (2) (Physical), R2= 0.0070 
 
Lastly, there are four error covariances in the output file, which can help the 
designer determine how to improve one interaction by studying its effect on the other 
one. The effects of some are clear, such as the error covariances between x1, x2, x3, 
and x4, but the error covariance between x5 and x10 provides useful information for the 
designer.  
 
 
5.5 UPIE Model after modifications  
 
Conducting and comparing two case study experiments with two different 
products and studying the comparison with the heuristic experiment resulted in an 
acceptable verification for our UPIE Model. Before in Figure 49, we illustrated the 
method’s steps, but within the second experiment we made a small but effective 
modification on the UPIE Model, within the interaction table. This table is one of the 
pivotal steps of this model, because the structure of each evaluation model is based on 
the definitions and categorization in this table. Also, because the second experiment 
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was conducted in another country with a completely different culture, this provides 
an opportunity for us to test our model in a different situation with a different 
product. By studying the general similarities in these different but comparable results, 
we can say that our UPIE Model is acceptable and generalizable. In Figure 59 you can 
see all the stages of the final UPIE model in specific detail.  
 
	  
Figure 59: User-Product Evaluation Model detailed stages 
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 6 
Conclusion 
 
Evaluation of user-product interaction is pivotal to the success of the product’s 
redesign. In the study of interaction evaluation there is a need for more constructs 
and development, as well as more scientific evaluation tools and models. This 
research addresses that need by investigating the nomological combination of product 
affordance and statistical evaluation. A number of direct and indirect relationships 
between usability and affordance concepts led to our hypothesis for a new method of 
interaction evaluation. The resulting User-Product Interaction Evaluation (UPIE) 
model is based on a combination of affordance theory and Structural Equation 
Modeling. The stages of this model are identified separately on Table 1 in this paper.  
Using the UPIE model, we conducted an experiment using a newly designed, 
high-end coffee maker. The specific model for our case study was constructed through 
a questionnaire-based study and a causal mapping analysis. While there is a challenge 
in the generalizability of the findings of the current case study, this experiment 
successfully identified and demonstrated the unique qualities of this evaluation model 
as well as the nomological interaction correlations in a product. 
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The UPIE model is based on two types of variables: latent (invisible) 
interactions/variables and visible interactions/variables. The latent variables were 
derived from our hypothesis, in which the three kinds of interactions were cognitive, 
functional, and physical. The visible variables, as shown in Table 2, were derived from 
actual interactions with each part of the product. The UPIE model was prepared by 
the designer, assessed, and then modified based on SEM (using data output from the 
LISREL software). 
The final modified UPIE model yielded valuable data about our product’s 
interactions such as variance and covariance matrices, detailed specification of all 
estimated interactions, and error correlations. This model can also verify or correct 
the designer’s initial interpretation of the type of each interaction in a product.  
There are several practical implications. The UPIE model makes it easier for the 
designer to identify the importance of each part and its role in interaction, as well as 
the quality of specific interactions. In addition, the model makes it easier to determine 
the correlation between different interactions in a product and their effects on each 
other.  
This study provides two overarching findings for researchers and designers. From 
a theoretical perspective, it attempts to provide a comprehensive investigation of the 
many dimensions of user-product interactions based on affordance theory. From a 
practical perspective, the UPIE model helps designers make more statistically 
informed product designs.   
The research does have some limitations, which need to be revisited in future 
studies. For example, for proper generalization we plan to conduct more experiments 
on more types of case studies with more detailed preparations.  
The proposed UPIE model has significant and unique aspects in product interaction 
evaluation. Pursuing different steps of this evaluation model and determining a 
unique result using this model was the main purpose of this research. By noting the 
more effective interactions in a product, this model helped the designers to optimize 
the redesign and problem-finding process. The reliable and scientifically validated 
method of the UPIE model provides a developing method that researchers can use to 
assess product interactions and coherently examine the structure and dimensionality 
of product interaction.  
This research can be helpful in several practical use scenarios. It can help the 
designer by providing a detailed and comprehensive view of the different layers of a 
product’s interactions and, more importantly, can prepare a weighted value ranking of 
interactions for the evaluated product, based on their effects on the major interaction 
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structure. Indeed, the proposed model can assist in identifying effective factors for 
pursuing better interaction in product design, especially where the designer might 
need to allocate extra resources for developing better user interactions.  
The UPIE Model is usable by any designer in any product evaluation. It enables 
designers to evaluate any product by following the process, assessing, and 
interpreting the data for the redesign. It is easy to understand and use by following a 
series of steps. The UPIE Model also pinpoints different levels of user-product 
interaction evaluation for designers. The effects and correlations between the qualities 
of different types of interactions are also available in this method. Also, in a 
complicated product with multiple functions it provides a summary of the qualities of 
interactions and general perceptions of those qualities. All of these allow the designers 
to make more informed corrections in their redesign. One of the main highlights of 
this method is how it provides an optimized guide for designers, which helps fill the 
gap between the evaluation and the redesign.  
In general, this method allows the designer to get a comprehensive and detailed 
overview of interaction correlations and covariances of a product, which helps them 
gain insight into the quality of interactions. The designer is then able to make more 
informed corrections based on this knowledge as well as the extended results 
provided by the UPIE model. 
 
 
 
Figure 60: User- Product Interaction Evaluation Model stages 
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In conclusion, a true understanding of user perceptions and usage behavior 
cannot be determined without a tool for accurately measuring their priority for 
redesign. The UPIE model does this by providing designers and researchers with a 
scientific model that directly addresses and measures user-product interactions and 
constructs a detailed evaluation. It is our hope that after more refinement of this 
model it will be widely adopted for successfully evaluating the interaction quality of 
the many different stages in the product design process. 	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 1 
Appendix 1: (Coffee maker questionnaire in Japanese and 
English)  	   Thank	  you	  for	  taking	  time	  out	  to	  participate	  in	  our	  survey.	  	  We	  truly	  value	  the	  information	  you	  have	  provided.	  
本研究にご協力いただきありがとうございます。今回いただく情報は研究の
参考にさせていただきます。	  	   	  
性別について	  What	  is	  your	  gender?	  
男性	  Male	  
女性	  Female	  	  
年齢について  
What is your age? 
 
18-24 歳 18-­‐24	  years	  old	  
25-34 歳 25-­‐34	  years	  old	  
35-44 歳 35-­‐44	  years	  old 
45-54 歳 45-­‐54	  years	  old	  
55-64 歳 55-­‐64	  years	  old	  
65 歳以上 65	  or	  older	  	  	  
最終修了学歴について	  What	  is	  the	  highest	  level	  of	  education	  you	  have	  completed	  ?	  	  
高等学校中退 Some	  high	  school,	  no	  diploma	  
高等学校卒業または高校程度修了認定証取得 High	  school	  graduate,	  diploma	  or	  the	  equivalent	  (for	  example:	  GED)	  
商業/技術/職業専門学校 Trade/technical/vocational	  training	  
大学学部卒業 Bachelor’s	  degree	  
大学院修士課程卒業 Master’s	  degree	  
大学院博士課程卒業 Doctorate	  degree	  
 
 
国籍/Natinality: 
氏名（任意）/ Name (Optinal): 
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以下のタスクを実施してください： 
 
１-「ラテ．マキャート」を準備してください。これには牛乳、コーヒーカプセル、水が必
要です。 
2-機械の機能を使ってミルクフォーム部分を清掃してください。（別のカップを使用
すること） 
3-機械の機能を使ってお湯を一杯分用意してください。（別のカップを使用すること） 
4- 機械内部を乾燥させてください（メニュー参照）。そして、水タンクからも水を取り出
してください（手動で）。 
5-容器から使用済みのカプセルを取り除いてください。排出受け皿から水を取り出し
てください。 
6-ミルクタンクの部品を全て分解してください 。次に、全て装着し直してください。 
7-カップサポートを見つけて、使用してください。 
 
どうぞ美味しいコーヒーをお楽しみください。 	  	  Please	  complete	  these	  tasks:	  	  1-­‐	  Please	  prepare	  a	  “Latte	  Macchiato”	  you	  will	  need	  milk	  and	  coffee	  capsule	  and	  water.	  2-­‐	  Please	  clean	  the	  milk	  froth	  (foam)	  part	  (by	  machine	  function-­‐	  in	  another	  cup)	  	  3-­‐	  Please	  prepare a	  glass	  of	  hot	  water	  by	  machine	  function	  (in	  another	  cup)	  	  4-­‐	  Please	  empty	  water	  from	  machine	  system	  (through	  the	  menu)	  and	  from	  the	  water	  tank	  (By	  hand)	  
5- Please remove used capsule from container and remove the water from tray  
6- Please try to disassemble and than assemble the milk container parts. 
7-Try to work with the pivot cup holder 
 
Enjoy Your Coffee 
 	  
 
 
 
 
 
 3 
機械	  	  	  Machine 
	  1-­‐コーヒーカプセルについて：	  
1- Regarding the	  Coffee	  capsule:	  	  	  
Very clear to figure out 
how it works 
使い方が非常に明確である  
 
 
 Very confusing to figure out how it 
works 
使い方が非常にわかりづらい 
Very easy to install in 
machine 
機械に取り付けるのは非常
に 簡単 
 Very difficult to install in machine 
機械に取り付けるのが非常に困難 
	  	  
2-­‐開閉レバーについて  
2- Regarding the	  lever:	  
 
Very easy to find the 
location 
どこにあるか非常に見つけ
やすい 
 Very difficult to find the 
location  
どこにあるか非常に見つけ
づらい 
 
Very easy to understand 
how to use 
使い方は非常にわかりやす
い 
 Very difficult to 
understand how to use 
使い方は非常にわかりづら
い 
 	  	  
3-­‐電源スイッチについて： 	  
3-­‐	  Regarding	  the	  ON/OFF	  button:	  	  	  	  
Very easy to find the 
location 
どこにあるか非常に見
つけやすい 
 
 Very difficult to find the 
location 
どこにあるか非常に見つけ
づらい 
  
Very easy to understand 
how to use 
使い方は非常にわかりやす
い 
 Very difficult to 
understand how to use 
使い方は非常にわかりづら
い 
 
	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
 
 
 
 
 
 4 
4-­‐水タンクについて：（取り外し、取り付けについて） 	  
4-­‐	  Regarding	  the	  water	  tank:	  (Taking	  out,	  putting	  in)	  
	  
Very easy to understand 
how to take out and put 
in 取り付け/取り外し方は
非常にわかりやすい 
 
 Very difficult to understand 
how to take out and put in 
取り付け /取り外し方は非常
にわかりづらい 
 
Very easy to use 
非常に使いやすい 
 
 Very difficult to use 
非常に使いづらい 
 	  
5-­‐水タンクについて：（水の出し入れについて） 	  
5-­‐	  Regarding	  the	  water	  tank:	  (Filling	  and	  emptying	  the	  water)	  
	  
Very easy to use 
非常に使いやすい 
 
 Very difficult to use 
非常に使いづらい 
 	  
6-­‐排水受け皿と使用済みカプセルコンテナについて：（取り外しと取り付けについて） 	  
6-­‐	  Regarding	  the	  drip	  tray	  and	  the	  used	  capsules	  container:	  (Installing	  and	  removing)	  
	  
Very easy to understand 
how to remove and install
取り外し/ 取り付け方は非
常にわかりやすい 
 
 Very difficult to understand 
how to remove and install 
取り外し/ 取り付け方は非常
にわかりづらい 
 
Very easy to use 
非常に使いやすい 
 
 Very difficult to use 
非常に使いづらい 
 
	  
	  
7-­‐カップサポート（上方向に折り込み可能）について： 	  
7-­‐	  Regarding	  the	  pivoting	  cup	  support:	  
	  
Very clear and easy 
非常にわかりやすくて使い
やすい 
 Very confusing and difficult 
非常にわかりづらくて使い
にくい 
 
8-­‐給湯ノズル機能について：（取り外しと取り付けについて） 	  	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	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8-­‐	  Regarding	  the	  hot	  water	  telescopic	  spout	  function:	  (Installing	  and	  removing)	  
	  
Very easy to find the 
location 
どこにあるか非常に見
つけやすい 
 
 Very difficult to find the 
location 
どこにあるか非常に見つけ
づらい 
 
Very easy to use 
非常に使いやすい 
 
 Very difficult to use  
非常に使いづらい 
 
Very easy to storage 
非常に収納しやすい(給湯
ノズル収納スペースに) 
 
 Very difficult to storage   
非常に収納しづらい (給湯
ノズル収納スペースに) 
 	  
	  
	  
ミルクタンク Milk	  Container	  	  
	  
9-­‐「ミルク泡立ち調整ダイヤル」の「取り外し位置」の表示について： 	  
9- Regarding the symbol for	  “Insert”	  on	  the	  milk	  froth regulator	  knob:	  
	  
Very clear 
非常に明確である  
 
 Very confusing 
非常にわかりづらい 
 
Very easy to install and 
remove 
非常に取り外し/取り付け
やすい 
 
 Very difficult to Install 
and remove 
非常に取り外し/取り付け
づらい 
 
Very easy to use 
非常に使いやすい 
 
 Very difficult to use  
非常に使いづらい 
 	  	  	  	  	  	  	  	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	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10-­‐ミルクタンクコネクターについて：（取り外しと取り付け 	  について） 	  
10-­‐	  Regarding	  the	  R.C.S Connector: (	  Removing	  and	  installing)	  	  
	  
Very clear how to 
understand how to 
remove and install 
取り外し/取り付け方は非
常に明確である 
 
 Very Confusing to 
understand how to remove 
and install 
取り外し/取り付け方は非常
にわかりづらい 
 
Very easy to remove and 
install 
非常に取り外し/取り付け
やすい 
 Very difficult to remove 
and install  
非常に 取り外し/取り付け
しづらい 	  
11-­‐ミルクノズルについて：（ 	  取り外しと取り付けについて） 	  
11-­‐	  Regarding	  the	  milk spout: (	  Removing	  and	  installing)	  
	  
Very clear how to 
understand how to 
remove and install 
取り外し/取り付け方は非
常に明確である 
 
 Very Confusing to 
understand how to remove 
and install 
取り外し/取り付け方は非常
にわかりづらい 
 
 
Very easy to remove and 
install 
非常に取り外し/取り付け
やすい 
 
 Very difficult to remove 
and install 
非常に取り外し/取り付けづ
らい 
 
12-­‐ミルク吸い上げパイプについて： 	  （取り外しと取り付けについて） 	  
12-­‐	  Regarding	  the	  milk aspiration tube: (	  Removing	  and	  installing)	  
	  
Very clear how to 
understand how to 
remove and install 
取り外し/取り付け方は非
常に明確である 
 Very Confusing to 
understand how to remove 
and install 
取り外し /取り付け方は非常
にわかりづらい 
Very easy to install and 
remove 
非常に取り外し/取り付け
やすい 
 Very difficult to install and 
remove 
非常に取り外し /取り付けづ
らい 
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	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13-­‐ミルク泡立ち（最大−最小の位置）の表示について： 	  	  
13-­‐	  Regarding	  the	  milk froth knob	  function:	  (max	  –	  min)	  	  	  
	  
Very clear 
非常に明確である 
 
 Very confusing 
非常にわかりづらい 
 
14-­‐「CLEAN（自動洗浄機能）」の表示について 	  
14-­‐	  Regarding	  the	  milk froth knob cleaning	  function:	  
	  
Very clear 
非常に明確である 
 
 Very confusing 
非常にわかりづらい 
 	  
15-­‐ミルクタンクのふたについて：（開け閉め） 	  
15-­‐	  Regarding	  the	  lid	  of	  the	  milk	  container:	  (opening/closing)	  
	  
Very easy to understand 
how to open/close 
開け方/閉め方は非常にわ
かりやすい 
 
 Very difficult to understand 
how to open/close 
開け方/閉め方は非常にわかり
づらい 
 
Very easy to open/close 
the lid 
ふたを非常に開け/閉めし
やすい 
 Very difficult to open/close 
the lid 
ふたを非常に開け/閉めしづら
い 	  
16-­‐ノズル接続部へのミルクタンクの取り付け/取り外しについて： 	  
16-­‐	  Regarding	  attachment/	  detachment	  of	  the	  milk	  container	  to	  the	  steam	  connector:	  
Very easy to attach / 
detach 非常に取り付け/取
り外しやすい 
 
 Very difficult to use 
attach / detach 
非常に取り付け/取り出し
づらい 
	  
	  
	  
	  
	  
	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
 
 
 
 
 
 8 
操作部（タッチスクリーン） 	  Touch	  Screen Display 
	  
17-コーヒー選択ボタン（今回はラテ．マキャートを選択）について； 	  
18- Regarding the	  touchpad coffee selection button’s symbol: (Latte Macchiato)  
 
Very clear 
非常に明確である 
 
 Very confusing 
非常にわかりづらい 
18-­‐ボタンの表示について：（給湯ボタン） 	  
18-­‐	  Regarding	  the	  function of “ hot water” button’s symbol:	  	  	  
Very clear 
非常に明確である 
 
 Very confusing 
非常にわかりづらい 
 	  
	  
19-­‐メニューボタンについて： 	  
19-­‐Regarding	  the	  touchpad menu button: 
 
Very clear 
非常に明確である 
 
 Very confusing 
非常にわかりづらい 
 	  	  
20-­‐決定ボタンについて： 	  
20-­‐	  Regarding	  the	  touchpad option selection button: 
 
Very clear 
非常に明確である 
 
 Very confusing 
非常にわかりづらい 
	  	  
21-­‐スクロールアップ・ダウンボタンについて： 	  
21-­‐	  Regarding	  the	  touchpad Scroll up/down button: 
 
Very clear 
非常に明確である 
 
 Very confusing 
非常にわかりづらい 
 	  	  	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	  
1	   2	   3	   4	   5	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コメント:	  	  	  	  	  	  	  ……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………	  	  
私たちの調査にお時間をいただきありがとうございました。この度いただい
た貴重な情報は必ず参考にさせていただきます。	  	   Thank	  you	  for	  taking	  time	  out	  to	  participate	  in	  our	  survey.	  	  We	  truly	  value	  the	  information	  you	  have	  provided.	  	  
調査を正しく行うために、今回の調査の内容は他の人へは一切話さないよう
にお願いいたします。	  To	  conduct	  the	  survey	  properly,	  please	  do	  not	  talk	  anything	  about	  the	  survey	  to	  other	  people.	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Appendix 2: Pearson correlation matrix (coffee maker)   
 
 
 
 
 
 11 
Appendix 3: (Coffee maker – main body, SEM.OUT file) 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 DATE:	 	 4/28/2015	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 TIME:	 17:59	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 L	 I	 S	 R	 E	 L	 	 8.53	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 BY	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Karl	 G.	 J排eskog	 &	 Dag	 S排bom	 
	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 This	 program	 is	 published	 exclusively	 by	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Scientific	 Software	 International,	 Inc.	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 7383	 N.	 Lincoln	 Avenue,	 Suite	 100	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Lincolnwood,	 IL	 60712,	 U.S.A.	 	 
	 	 	 	 	 	 	 	 	 	 	 	 Phone:	 (800)247-6113,	 (847)675-0720,	 Fax:	 (847)675-2140	 
	 	 	 	 	 	 	 	 Copyright	 by	 Scientific	 Software	 International,	 Inc.,	 1981-2002	 	 
	 	 	 	 	 	 	 	 	 	 Use	 of	 this	 program	 is	 subject	 to	 the	 terms	 specified	 in	 the	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Universal	 Copyright	 Convention.	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Website:	 www.ssicentral.com	 
	 
	 The	 following	 lines	 were	 read	 from	 file	 C:\Users\DM	 Win\Desktop\lisrel\basic-
feb\Machine\新しいフォルダ\machin	 step2\machine.SPJ:	 
	 
	 SYSTEM	 FILE	 from	 file	 'C:\Users\DM	 Win\Desktop\lisrel\basic-feb\Machine\新しいフォ
ルダ\machin	 step2\machine.DSF'	 
	 Sample	 Size	 =	 56	 
	 Latent	 Variables	 	 CI	 FI	 PI	 
	 Relationships	 
	 x1	 =	 CI	 
	 x2	 =	 PI	 
	 x3	 =	 CI	 
	 x4	 =	 CI	 PI	 
	 x5	 =	 CI	 
	 x6	 =	 FI	 PI	 
	 x7	 =	 CI	 
	 x8	 =	 PI	 
	 x9	 =	 FI	 PI	 
	 x10	 =	 CI	 
	 x11	 =	 FI	 PI	 
	 x12	 =	 CI	 FI	 PI	 
	 x13	 =	 CI	 
	 x14	 =	 FI	 
	 x15	 =	 PI	 
	 Set	 the	 Variance	 of	 CI	 to	 1.00	 
	 Set	 the	 Covariances	 of	 FI	 and	 CI	 to	 0.00	 
	 Set	 the	 Variance	 of	 FI	 to	 1.00	 
	 Set	 the	 Covariances	 of	 PI	 and	 CI	 to	 0.00	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 Set	 the	 Covariances	 of	 PI	 and	 FI	 to	 0.00	 
	 Set	 the	 Variance	 of	 PI	 to	 1.00	 
	 Set	 the	 Error	 Covariance	 of	 x3	 and	 x2	 Free	 
	 Set	 the	 Error	 Covariance	 of	 x4	 and	 x3	 Free	 
	 Set	 the	 Error	 Covariance	 of	 x8	 and	 x7	 Free	 
	 Set	 the	 Error	 Covariance	 of	 x11	 and	 x10	 Free	 
	 Set	 the	 Error	 Covariance	 of	 x15	 and	 x13	 Free	 
	 Path	 Diagram	 
	 Method	 of	 Estimation:	 Unweighted	 Least	 Squares	 
	 End	 of	 Problem	 
	 
	 Sample	 Size	 =	 	 	 	 56	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 Covariance	 Matrix	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x1	 	 	 	 	 	 	 	 	 x2	 	 	 	 	 	 	 	 	 x3	 	 	 	 	 	 	 	 	 x4	 	 	 	 	 	 	 	 	 x5	 	 	 	 	 	 	 	 	 x6	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 
	 	 	 	 	 	 	 x1	 	 	 	 	 	 	 1.97	 
	 	 	 	 	 	 	 x2	 	 	 	 	 	 	 0.22	 	 	 	 	 	 	 0.91	 
	 	 	 	 	 	 	 x3	 	 	 	 	 	 	 0.12	 	 	 	 	 	 	 0.44	 	 	 	 	 	 	 1.00	 
	 	 	 	 	 	 	 x4	 	 	 	 	 	 	 0.50	 	 	 	 	 	 	 0.28	 	 	 	 	 	 	 0.57	 	 	 	 	 	 	 1.38	 
	 	 	 	 	 	 	 x5	 	 	 	 	 	 	 0.13	 	 	 	 	 	 	 0.16	 	 	 	 	 	 	 0.24	 	 	 	 	 	 	 0.22	 	 	 	 	 	 	 1.78	 
	 	 	 	 	 	 	 x6	 	 	 	 	 	 	 0.56	 	 	 	 	 	 	 0.27	 	 	 	 	 	 	 0.38	 	 	 	 	 	 	 0.45	 	 	 	 	 	 	 0.09	 	 	 	 	 	 	 0.72	 
	 	 	 	 	 	 	 x7	 	 	 	 	 	 -0.01	 	 	 	 	 	 	 0.12	 	 	 	 	 	 	 0.14	 	 	 	 	 	 	 0.13	 	 	 	 	 	 	 0.51	 	 	 	 	 	 -0.02	 
	 	 	 	 	 	 	 x8	 	 	 	 	 	 -0.08	 	 	 	 	 	 	 0.23	 	 	 	 	 	 	 0.24	 	 	 	 	 	 	 0.11	 	 	 	 	 	 	 0.80	 	 	 	 	 	 	 0.00	 
	 	 	 	 	 	 	 x9	 	 	 	 	 	 -0.06	 	 	 	 	 	 	 0.20	 	 	 	 	 	 	 0.21	 	 	 	 	 	 	 0.03	 	 	 	 	 	 	 0.36	 	 	 	 	 	 	 0.23	 
	 	 	 	 	 	 x10	 	 	 	 	 	 	 0.22	 	 	 	 	 	 	 0.03	 	 	 	 	 	 	 0.24	 	 	 	 	 	 	 0.40	 	 	 	 	 	 	 0.71	 	 	 	 	 	 	 0.20	 
	 	 	 	 	 	 x11	 	 	 	 	 	 	 0.11	 	 	 	 	 	 	 0.25	 	 	 	 	 	 	 0.23	 	 	 	 	 	 	 0.16	 	 	 	 	 	 	 0.51	 	 	 	 	 	 	 0.26	 
	 	 	 	 	 	 x12	 	 	 	 	 	 	 0.56	 	 	 	 	 	 	 0.30	 	 	 	 	 	 	 0.26	 	 	 	 	 	 	 0.07	 	 	 	 	 	 	 0.40	 	 	 	 	 	 	 0.41	 
	 	 	 	 	 	 x13	 	 	 	 	 	 	 0.38	 	 	 	 	 	 	 0.12	 	 	 	 	 	 	 0.23	 	 	 	 	 	 	 0.16	 	 	 	 	 	 	 0.65	 	 	 	 	 	 	 0.19	 
	 	 	 	 	 	 x14	 	 	 	 	 	 	 0.19	 	 	 	 	 	 	 0.03	 	 	 	 	 	 	 0.09	 	 	 	 	 	 	 0.14	 	 	 	 	 	 -0.22	 	 	 	 	 	 	 0.04	 
	 	 	 	 	 	 x15	 	 	 	 	 	 	 0.27	 	 	 	 	 	 	 0.29	 	 	 	 	 	 	 0.36	 	 	 	 	 	 	 0.02	 	 	 	 	 	 	 0.36	 	 	 	 	 	 	 0.18	 
	 
	 	 	 	 	 	 	 	 	 Covariance	 Matrix	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x7	 	 	 	 	 	 	 	 	 x8	 	 	 	 	 	 	 	 	 x9	 	 	 	 	 	 	 	 x10	 	 	 	 	 	 	 	 x11	 	 	 	 	 	 	 	 x12	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 
	 	 	 	 	 	 	 x7	 	 	 	 	 	 	 1.56	 
	 	 	 	 	 	 	 x8	 	 	 	 	 	 	 0.48	 	 	 	 	 	 	 1.45	 
	 	 	 	 	 	 	 x9	 	 	 	 	 	 	 0.15	 	 	 	 	 	 	 0.26	 	 	 	 	 	 	 1.75	 
	 	 	 	 	 	 x10	 	 	 	 	 	 	 0.24	 	 	 	 	 	 	 0.42	 	 	 	 	 	 -0.01	 	 	 	 	 	 	 1.92	 
	 	 	 	 	 	 x11	 	 	 	 	 	 	 0.45	 	 	 	 	 	 	 0.51	 	 	 	 	 	 	 0.53	 	 	 	 	 	 	 0.61	 	 	 	 	 	 	 1.73	 
	 	 	 	 	 	 x12	 	 	 	 	 	 	 0.30	 	 	 	 	 	 	 0.38	 	 	 	 	 	 	 0.10	 	 	 	 	 	 	 0.54	 	 	 	 	 	 	 0.64	 	 	 	 	 	 	 1.87	 
	 	 	 	 	 	 x13	 	 	 	 	 	 -0.01	 	 	 	 	 	 	 0.36	 	 	 	 	 	 	 0.15	 	 	 	 	 	 	 0.42	 	 	 	 	 	 	 0.41	 	 	 	 	 	 	 0.29	 
	 	 	 	 	 	 x14	 	 	 	 	 	 	 0.27	 	 	 	 	 	 	 0.18	 	 	 	 	 	 	 0.37	 	 	 	 	 	 -0.03	 	 	 	 	 	 	 0.48	 	 	 	 	 	 	 0.11	 
	 	 	 	 	 	 x15	 	 	 	 	 	 	 0.14	 	 	 	 	 	 	 0.24	 	 	 	 	 	 	 0.11	 	 	 	 	 	 	 0.40	 	 	 	 	 	 	 0.31	 	 	 	 	 	 	 0.53	 
	 
	 	 	 	 	 	 	 	 	 Covariance	 Matrix	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x13	 	 	 	 	 	 	 	 x14	 	 	 	 	 	 	 	 x15	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 --------	 	 	 --------	 	 	 --------	 
	 	 	 	 	 	 x13	 	 	 	 	 	 	 1.12	 
	 	 	 	 	 	 x14	 	 	 	 	 	 	 0.26	 	 	 	 	 	 	 1.86	 
	 	 	 	 	 	 x15	 	 	 	 	 	 	 0.46	 	 	 	 	 	 	 0.20	 	 	 	 	 	 	 1.42	 
	 	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 
	 Number	 of	 Iterations	 =	 22	 
	 
	 LISREL	 Estimates	 (Unweighted	 Least	 Squares)	 	 	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 Measurement	 Equations	 
	 
	 	 
	 	 	 	 	 	 	 x1	 =	 0.44*CI,	 Errorvar.=	 1.78	 ,	 R 	 =	 0.098	 
	 	 	 	 	 	 	 	 	 	 	 (0.083)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.21)	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 5.29	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 8.52	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 x2	 =	 0.47*PI,	 Errorvar.=	 0.69	 ,	 R 	 =	 0.24	 
	 	 	 	 	 	 	 	 	 	 	 (0.081)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.22)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 5.80	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.07	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 x3	 =	 0.33*CI,	 Errorvar.=	 0.89	 ,	 R 	 =	 0.11	 
	 	 	 	 	 	 	 	 	 	 	 (0.074)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.20)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 4.42	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.46	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 x4	 =	 0.34*CI	 +	 0.19*PI,	 Errorvar.=	 1.23	 ,	 R 	 =	 0.11	 
	 	 	 	 	 	 	 	 	 	 	 (0.068)	 	 	 (0.090)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.20)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 5.04	 	 	 	 	 	 2.14	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 6.00	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 x5	 =	 0.83*CI,	 Errorvar.=	 1.08	 ,	 R 	 =	 0.39	 
	 	 	 	 	 	 	 	 	 	 	 (0.084)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.24)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 9.99	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.50	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 x6	 =	 0.051*FI	 +	 0.42*PI,	 Errorvar.=	 0.53	 ,	 R 	 =	 0.26	 
	 	 	 	 	 	 	 	 	 	 	 (0.13)	 	 	 	 	 (0.094)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.22)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 0.40	 	 	 	 	 	 	 4.52	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 2.40	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 x7	 =	 0.35*CI,	 Errorvar.=	 1.43	 ,	 R 	 =	 0.081	 
	 	 	 	 	 	 	 	 	 	 	 (0.068)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.20)	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 5.19	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 7.22	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 x8	 =	 0.52*PI,	 Errorvar.=	 1.19	 ,	 R 	 =	 0.18	 
	 	 	 	 	 	 	 	 	 	 	 (0.079)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.23)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 6.54	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 5.21	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 x9	 =	 0.50*FI	 +	 0.27*PI,	 Errorvar.=	 1.42	 ,	 R 	 =	 0.18	 
	 	 	 	 	 	 	 	 	 	 	 (0.17)	 	 	 	 (0.11)	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.24)	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 2.89	 	 	 	 	 	 2.52	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 5.82	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x10	 =	 0.79*CI,	 Errorvar.=	 1.29	 ,	 R 	 =	 0.33	 
	 	 	 	 	 	 	 	 	 	 	 (0.069)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.24)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 11.43	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 5.42	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x11	 =	 0.66*FI	 +	 0.72*PI,	 Errorvar.=	 0.79	 ,	 R 	 =	 0.55	 
	 	 	 	 	 	 	 	 	 	 	 (0.22)	 	 	 	 (0.11)	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.32)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 2.99	 	 	 	 	 	 6.51	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 2.49	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x12	 =	 0.60*CI	 +	 0.074*FI	 +	 0.77*PI,	 Errorvar.=	 0.90	 ,	 R 	 =	 0.52	 
	 	 	 	 	 	 	 	 	 	 	 (0.068)	 	 	 (0.15)	 	 	 	 	 (0.12)	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.27)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 8.89	 	 	 	 	 	 0.49	 	 	 	 	 	 	 6.54	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.32	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x13	 =	 0.60*CI,	 Errorvar.=	 0.75	 ,	 R 	 =	 0.32	 
	 	 	 	 	 	 	 	 	 	 	 (0.074)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.22)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 8.10	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.44	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x14	 =	 0.74*FI,	 Errorvar.=	 1.32	 ,	 R 	 =	 0.29	 
	 	 	 	 	 	 	 	 	 	 	 (0.26)	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.43)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 2.88	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.04	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x15	 =	 0.53*PI,	 Errorvar.=	 1.13	 ,	 R 	 =	 0.20	 
	 	 	 	 	 	 	 	 	 	 	 (0.084)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.23)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 6.32	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.95	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 
	 Error	 Covariance	 for	 x3	 and	 x2	 =	 0.44	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.13)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.28	 
	 
	 Error	 Covariance	 for	 x4	 and	 x3	 =	 0.46	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.15)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.09	 
	 
	 Error	 Covariance	 for	 x8	 and	 x7	 =	 0.48	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.13)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.53	 
	 
	 Error	 Covariance	 for	 x11	 and	 x10	 =	 0.61	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.13)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.54	 
	 
	 Error	 Covariance	 for	 x15	 and	 x13	 =	 0.46	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.13)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.39	 
	 	 
	 
	 	 	 	 	 	 	 	 	 Correlation	 Matrix	 of	 Independent	 Variables	 	 
	 	 	 	 	 	 	 	 	 Note:	 This	 matrix	 is	 diagonal.	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 CI	 	 	 	 	 	 	 	 	 FI	 	 	 	 	 	 	 	 	 PI	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 --------	 	 	 --------	 	 	 --------	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 1.00	 	 	 	 	 	 	 1.00	 	 	 	 	 	 	 1.00	 
	 	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Goodness	 of	 Fit	 Statistics	 
	 
	 W_A_R_N_I_N_G:	 Chi-square,	 standard	 errors,	 t-values	 and	 standardized	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 residuals	 are	 calculated	 under	 the	 assumption	 of	 multi-	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 variate	 normality.	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Degrees	 of	 Freedom	 =	 79	 
	 	 	 	 	 	 	 Normal	 Theory	 Weighted	 Least	 Squares	 Chi-Square	 =	 98.50	 (P	 =	 0.068)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Estimated	 Non-centrality	 Parameter	 (NCP)	 =	 19.50	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 NCP	 =	 (0.0	 ;	 48.91)	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Minimum	 Fit	 Function	 Value	 =	 4.38	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Population	 Discrepancy	 Function	 Value	 (F0)	 =	 0.35	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 F0	 =	 (0.0	 ;	 0.89)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 Root	 Mean	 Square	 Error	 of	 Approximation	 (RMSEA)	 =	 0.067	 
	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 RMSEA	 =	 (0.0	 ;	 0.11)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 P-Value	 for	 Test	 of	 Close	 Fit	 (RMSEA	 <	 0.05)	 =	 0.26	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Expected	 Cross-Validation	 Index	 (ECVI)	 =	 3.28	 
	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 ECVI	 =	 (2.93	 ;	 3.82)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ECVI	 for	 Saturated	 Model	 =	 4.36	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ECVI	 for	 Independence	 Model	 =	 5.96	 
	 	 
	 	 	 	 	 	 Chi-Square	 for	 Independence	 Model	 with	 105	 Degrees	 of	 Freedom	 =	 297.98	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Independence	 AIC	 =	 327.98	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Model	 AIC	 =	 180.50	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Saturated	 AIC	 =	 240.00	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Independence	 CAIC	 =	 373.36	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Model	 CAIC	 =	 304.54	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Saturated	 CAIC	 =	 603.04	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Normed	 Fit	 Index	 (NFI)	 =	 0.19	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Non-Normed	 Fit	 Index	 (NNFI)	 =	 -0.12	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Parsimony	 Normed	 Fit	 Index	 (PNFI)	 =	 0.14	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Comparative	 Fit	 Index	 (CFI)	 =	 0.16	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Incremental	 Fit	 Index	 (IFI)	 =	 0.26	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Relative	 Fit	 Index	 (RFI)	 =	 -0.08	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Critical	 N	 (CN)	 =	 26.35	 
	 	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Root	 Mean	 Square	 Residual	 (RMR)	 =	 0.19	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Standardized	 RMR	 =	 0.14	 
 
 
 
 
 
 16 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Goodness	 of	 Fit	 Index	 (GFI)	 =	 0.85	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Adjusted	 Goodness	 of	 Fit	 Index	 (AGFI)	 =	 0.77	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Parsimony	 Goodness	 of	 Fit	 Index	 (PGFI)	 =	 0.56	 
	 
	 	 	 	 	 	 	 	 The	 Modification	 Indices	 Suggest	 to	 Add	 the	 
	 	 Path	 to	 	 from	 	 	 	 	 	 Decrease	 in	 Chi-Square	 	 	 	 New	 Estimate	 
	 x1	 	 	 	 	 	 	 	 PI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 17.7	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.40	 
	 x3	 	 	 	 	 	 	 	 PI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 16.9	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.41	 
	 x5	 	 	 	 	 	 	 	 PI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 32.8	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.55	 
	 x6	 	 	 	 	 	 	 	 CI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 18.2	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.37	 
	 x7	 	 	 	 	 	 	 	 FI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 14.7	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.47	 
	 x7	 	 	 	 	 	 	 	 PI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 9.2	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.30	 
	 x8	 	 	 	 	 	 	 	 CI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 36.5	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.53	 
	 x10	 	 	 	 	 	 	 PI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 13.3	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.41	 
	 x11	 	 	 	 	 	 	 CI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 30.7	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.56	 
	 x13	 	 	 	 	 	 	 FI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 13.3	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.44	 
	 x13	 	 	 	 	 	 	 PI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 11.1	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.34	 
	 x15	 	 	 	 	 	 	 CI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 24.1	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.46	 
	 
	 	 	 	 	 The	 Modification	 Indices	 Suggest	 to	 Add	 a	 Covariance	 
	 	 between	 	 	 	 and	 	 	 	 	 Decrease	 in	 Chi-Square	 	 	 	 New	 Estimate	 
	 FI	 	 	 	 	 	 	 	 CI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 25.5	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.43	 
	 PI	 	 	 	 	 	 	 	 CI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 95.3	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.68	 
	 x6	 	 	 	 	 	 	 	 x1	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 17.4	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.56	 
	 x6	 	 	 	 	 	 	 	 x3	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 7.9	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.38	 
	 x6	 	 	 	 	 	 	 	 x4	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 8.5	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.42	 
	 x8	 	 	 	 	 	 	 	 x5	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 35.2	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.80	 
	 x10	 	 	 	 	 	 	 x8	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 9.5	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.42	 
	 x11	 	 	 	 	 	 	 x5	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 14.3	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.51	 
	 x11	 	 	 	 	 	 	 x7	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 10.9	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.45	 
	 x13	 	 	 	 	 	 	 x11	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 9.4	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.41	 
	 x15	 	 	 	 	 	 	 x10	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 8.9	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.40	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Time	 used:	 	 	 	 0.250	 Seconds	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Appendix 4: (Coffee maker – milk container, SEM.OUT) 
DATE:	 	 3/	 2/2015	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 TIME:	 18:15	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 L	 I	 S	 R	 E	 L	 	 8.53	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 BY	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Karl	 G.	 J排eskog	 &	 Dag	 S排bom	 
	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 This	 program	 is	 published	 exclusively	 by	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Scientific	 Software	 International,	 Inc.	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 7383	 N.	 Lincoln	 Avenue,	 Suite	 100	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Lincolnwood,	 IL	 60712,	 U.S.A.	 	 
	 	 	 	 	 	 	 	 	 	 	 	 Phone:	 (800)247-6113,	 (847)675-0720,	 Fax:	 (847)675-2140	 
	 	 	 	 	 	 	 	 Copyright	 by	 Scientific	 Software	 International,	 Inc.,	 1981-2002	 	 
	 	 	 	 	 	 	 	 	 	 Use	 of	 this	 program	 is	 subject	 to	 the	 terms	 specified	 in	 the	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Universal	 Copyright	 Convention.	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Website:	 www.ssicentral.com	 
	 
	 The	 following	 lines	 were	 read	 from	 file	 C:\Users\DM	 Win\Desktop\basic-
feb\milk\stage-I\新しいフォルダ\milk.SPJ:	 
	 
	 SYSTEM	 FILE	 from	 file	 'C:\Users\DM	 Win\Desktop\basic-feb\milk\stage-I\新しいフォル
ダ\milk.DSF'	 
	 Sample	 Size	 =	 56	 
	 Latent	 Variables	 	 CI	 FI	 PI	 
	 Relationships	 
	 x16	 =	 CI	 
	 x17	 =	 FI	 PI	 
	 x18	 =	 FI	 
	 x19	 =	 CI	 
	 x20	 =	 PI	 
	 x21	 =	 CI	 
	 x22	 =	 PI	 
	 x23	 =	 CI	 
	 x24	 =	 PI	 
	 x25	 =	 CI	 
	 x26	 =	 CI	 FI	 
	 x27	 =	 CI	 
	 x28	 =	 PI	 
	 x29	 =	 FI	 
	 Set	 the	 Variance	 of	 CI	 to	 1.00	 
	 Set	 the	 Variance	 of	 FI	 to	 1.00	 
	 Set	 the	 Variance	 of	 PI	 to	 1.00	 
	 Set	 the	 Error	 Covariance	 of	 x18	 and	 x16	 Free	 
	 Set	 the	 Error	 Covariance	 of	 x20	 and	 x16	 Free	 
	 Set	 the	 Error	 Covariance	 of	 x20	 and	 x19	 Free	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 Set	 the	 Error	 Covariance	 of	 x22	 and	 x21	 Free	 
	 Set	 the	 Error	 Covariance	 of	 x26	 and	 x21	 Free	 
	 Set	 the	 Error	 Covariance	 of	 x27	 and	 x22	 Free	 
	 Set	 the	 Error	 Covariance	 of	 x28	 and	 x27	 Free	 
	 Set	 the	 Error	 Covariance	 of	 x29	 and	 x20	 Free	 
	 Path	 Diagram	 
	 Method	 of	 Estimation:	 Unweighted	 Least	 Squares	 
	 End	 of	 Problem	 
	 
	 Sample	 Size	 =	 	 	 	 56	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 Covariance	 Matrix	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x16	 	 	 	 	 	 	 	 x17	 	 	 	 	 	 	 	 x18	 	 	 	 	 	 	 	 x19	 	 	 	 	 	 	 	 x20	 	 	 	 	 	 	 	 x21	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 
	 	 	 	 	 	 x16	 	 	 	 	 	 	 1.89	 
	 	 	 	 	 	 x17	 	 	 	 	 	 	 0.40	 	 	 	 	 	 	 1.52	 
	 	 	 	 	 	 x18	 	 	 	 	 	 	 0.66	 	 	 	 	 	 	 0.69	 	 	 	 	 	 	 1.42	 
	 	 	 	 	 	 x19	 	 	 	 	 	 -0.01	 	 	 	 	 	 	 0.53	 	 	 	 	 	 	 0.02	 	 	 	 	 	 	 1.68	 
	 	 	 	 	 	 x20	 	 	 	 	 	 -0.20	 	 	 	 	 	 	 0.48	 	 	 	 	 	 	 0.24	 	 	 	 	 	 	 0.77	 	 	 	 	 	 	 1.16	 
	 	 	 	 	 	 x21	 	 	 	 	 	 	 0.25	 	 	 	 	 	 	 0.30	 	 	 	 	 	 	 0.21	 	 	 	 	 	 	 0.54	 	 	 	 	 	 	 0.25	 	 	 	 	 	 	 1.89	 
	 	 	 	 	 	 x22	 	 	 	 	 	 	 0.35	 	 	 	 	 	 	 0.42	 	 	 	 	 	 	 0.18	 	 	 	 	 	 	 0.41	 	 	 	 	 	 	 0.40	 	 	 	 	 	 	 1.32	 
	 	 	 	 	 	 x23	 	 	 	 	 	 	 	 -	 -	 	 	 	 	 	 	 0.13	 	 	 	 	 	 -0.01	 	 	 	 	 	 	 0.28	 	 	 	 	 	 -0.02	 	 	 	 	 	 	 0.22	 
	 	 	 	 	 	 x24	 	 	 	 	 	 	 0.06	 	 	 	 	 	 	 0.25	 	 	 	 	 	 	 0.06	 	 	 	 	 	 	 0.13	 	 	 	 	 	 	 0.13	 	 	 	 	 	 	 0.10	 
	 	 	 	 	 	 x25	 	 	 	 	 	 	 0.37	 	 	 	 	 	 	 0.54	 	 	 	 	 	 	 0.28	 	 	 	 	 	 	 0.39	 	 	 	 	 	 	 0.07	 	 	 	 	 	 	 0.31	 
	 	 	 	 	 	 x26	 	 	 	 	 	 	 0.76	 	 	 	 	 	 	 0.66	 	 	 	 	 	 	 0.59	 	 	 	 	 	 	 0.47	 	 	 	 	 	 	 0.04	 	 	 	 	 	 	 0.14	 
	 	 	 	 	 	 x27	 	 	 	 	 	 	 0.41	 	 	 	 	 	 	 0.17	 	 	 	 	 	 	 0.19	 	 	 	 	 	 	 0.52	 	 	 	 	 	 	 0.19	 	 	 	 	 	 	 0.23	 
	 	 	 	 	 	 x28	 	 	 	 	 	 	 0.17	 	 	 	 	 	 	 0.13	 	 	 	 	 	 -0.16	 	 	 	 	 	 	 0.25	 	 	 	 	 	 	 0.24	 	 	 	 	 	 	 0.52	 
	 	 	 	 	 	 x29	 	 	 	 	 	 -0.19	 	 	 	 	 	 	 0.31	 	 	 	 	 	 	 0.19	 	 	 	 	 	 	 0.12	 	 	 	 	 	 	 0.55	 	 	 	 	 	 -0.11	 
	 
	 	 	 	 	 	 	 	 	 Covariance	 Matrix	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x22	 	 	 	 	 	 	 	 x23	 	 	 	 	 	 	 	 x24	 	 	 	 	 	 	 	 x25	 	 	 	 	 	 	 	 x26	 	 	 	 	 	 	 	 x27	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 
	 	 	 	 	 	 x22	 	 	 	 	 	 	 2.07	 
	 	 	 	 	 	 x23	 	 	 	 	 	 	 0.10	 	 	 	 	 	 	 0.83	 
	 	 	 	 	 	 x24	 	 	 	 	 	 	 0.15	 	 	 	 	 	 	 0.38	 	 	 	 	 	 	 0.42	 
	 	 	 	 	 	 x25	 	 	 	 	 	 	 0.22	 	 	 	 	 	 	 0.08	 	 	 	 	 	 	 0.14	 	 	 	 	 	 	 1.62	 
	 	 	 	 	 	 x26	 	 	 	 	 	 	 0.33	 	 	 	 	 	 	 0.03	 	 	 	 	 	 	 0.00	 	 	 	 	 	 	 0.50	 	 	 	 	 	 	 2.19	 
	 	 	 	 	 	 x27	 	 	 	 	 	 	 0.24	 	 	 	 	 	 -0.10	 	 	 	 	 	 	 0.06	 	 	 	 	 	 	 0.38	 	 	 	 	 	 	 0.58	 	 	 	 	 	 	 2.04	 
	 	 	 	 	 	 x28	 	 	 	 	 	 	 1.04	 	 	 	 	 	 -0.08	 	 	 	 	 	 	 0.05	 	 	 	 	 	 -0.01	 	 	 	 	 	 	 0.31	 	 	 	 	 	 	 0.85	 
	 	 	 	 	 	 x29	 	 	 	 	 	 	 0.09	 	 	 	 	 	 -0.03	 	 	 	 	 	 	 0.10	 	 	 	 	 	 -0.15	 	 	 	 	 	 	 0.08	 	 	 	 	 	 -0.10	 
	 
	 	 	 	 	 	 	 	 	 Covariance	 Matrix	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x28	 	 	 	 	 	 	 	 x29	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 --------	 	 	 --------	 
	 	 	 	 	 	 x28	 	 	 	 	 	 	 1.89	 
	 	 	 	 	 	 x29	 	 	 	 	 	 	 0.03	 	 	 	 	 	 	 1.36	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 Number	 of	 Iterations	 =	 12	 
	 
	 LISREL	 Estimates	 (Unweighted	 Least	 Squares)	 	 	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 Measurement	 Equations	 
	 
	 	 
	 	 	 	 	 	 x16	 =	 0.57*CI,	 Errorvar.=	 1.56	 ,	 R 	 =	 0.17	 
	 	 	 	 	 	 	 	 	 	 	 (0.082)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.22)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 7.02	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 7.25	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x17	 =	 0.92*FI	 +	 0.34*PI,	 Errorvar.=	 0.52	 ,	 R 	 =	 0.66	 
	 	 	 	 	 	 	 	 	 	 	 (0.16)	 	 	 	 (0.15)	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.32)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 5.89	 	 	 	 	 	 2.31	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 1.60	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x18	 =	 0.76*FI,	 Errorvar.=	 0.84	 ,	 R 	 =	 0.41	 
	 	 	 	 	 	 	 	 	 	 	 (0.14)	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.29)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 5.56	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 2.92	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x19	 =	 0.63*CI,	 Errorvar.=	 1.28	 ,	 R 	 =	 0.24	 
	 	 	 	 	 	 	 	 	 	 	 (0.084)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.22)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 7.49	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 5.84	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x20	 =	 0.41*PI,	 Errorvar.=	 1.00	 ,	 R 	 =	 0.14	 
	 	 	 	 	 	 	 	 	 	 	 (0.093)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.21)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 4.40	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.74	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x21	 =	 0.63*CI,	 Errorvar.=	 1.49	 ,	 R 	 =	 0.21	 
	 	 	 	 	 	 	 	 	 	 	 (0.096)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.22)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 6.58	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 6.72	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x22	 =	 1.16*PI,	 Errorvar.=	 0.72	 ,	 R 	 =	 0.65	 
	 	 	 	 	 	 	 	 	 	 	 (0.16)	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.40)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 7.48	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 1.78	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x23	 =	 0.13*CI,	 Errorvar.=	 0.82	 ,	 R 	 =	 0.019	 
	 	 	 	 	 	 	 	 	 	 	 (0.073)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.19)	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 1.75	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.26	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x24	 =	 0.19*PI,	 Errorvar.=	 0.39	 ,	 R 	 =	 0.084	 
	 	 	 	 	 	 	 	 	 	 	 (0.085)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.19)	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 2.22	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 1.99	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x25	 =	 0.58*CI,	 Errorvar.=	 1.28	 ,	 R 	 =	 0.21	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 (0.081)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.21)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 7.20	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 6.05	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x26	 =	 0.73*CI	 +	 0.35*FI,	 Errorvar.=	 1.29	 ,	 R 	 =	 0.41	 
	 	 	 	 	 	 	 	 	 	 	 (0.15)	 	 	 	 (0.17)	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.24)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 4.96	 	 	 	 	 	 2.01	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 5.27	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x27	 =	 0.59*CI,	 Errorvar.=	 1.69	 ,	 R 	 =	 0.17	 
	 	 	 	 	 	 	 	 	 	 	 (0.083)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.21)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 7.06	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 7.93	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x28	 =	 0.80*PI,	 Errorvar.=	 1.25	 ,	 R 	 =	 0.34	 
	 	 	 	 	 	 	 	 	 	 	 (0.11)	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.25)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 7.19	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.94	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x29	 =	 0.17*FI,	 Errorvar.=	 1.33	 ,	 R 	 =	 0.021	 
	 	 	 	 	 	 	 	 	 	 	 (0.094)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.19)	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 1.80	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 6.91	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 
	 Error	 Covariance	 for	 x18	 and	 x16	 =	 0.47	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.15)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.11	 
	 
	 Error	 Covariance	 for	 x20	 and	 x16	 =	 -0.31	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.14)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 -2.21	 
	 
	 Error	 Covariance	 for	 x20	 and	 x19	 =	 0.65	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.14)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.51	 
	 
	 Error	 Covariance	 for	 x22	 and	 x21	 =	 0.97	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.16)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 6.13	 
	 
	 Error	 Covariance	 for	 x26	 and	 x21	 =	 -0.42	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.17)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 -2.55	 
	 
	 Error	 Covariance	 for	 x27	 and	 x22	 =	 -0.09	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.15)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 -0.57	 
	 
	 Error	 Covariance	 for	 x28	 and	 x27	 =	 0.63	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.15)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.31	 
	 
	 Error	 Covariance	 for	 x29	 and	 x20	 =	 0.54	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.14)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.01	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 Correlation	 Matrix	 of	 Independent	 Variables	 	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 CI	 	 	 	 	 	 	 	 	 FI	 	 	 	 	 	 	 	 	 PI	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 --------	 	 	 --------	 	 	 --------	 
	 	 	 	 	 	 	 CI	 	 	 	 	 	 	 1.00	 
	 	 
	 	 	 	 	 	 	 FI	 	 	 	 	 	 	 0.45	 	 	 	 	 	 	 1.00	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.12)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.78	 
	 	 
	 	 	 	 	 	 	 PI	 	 	 	 	 	 	 0.47	 	 	 	 	 	 	 0.06	 	 	 	 	 	 	 1.00	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.09)	 	 	 	 	 (0.12)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 5.46	 	 	 	 	 	 	 0.51	 
	 	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Goodness	 of	 Fit	 Statistics	 
	 
	 W_A_R_N_I_N_G:	 Chi-square,	 standard	 errors,	 t-values	 and	 standardized	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 residuals	 are	 calculated	 under	 the	 assumption	 of	 multi-	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 variate	 normality.	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Degrees	 of	 Freedom	 =	 64	 
	 	 	 	 	 	 	 	 Normal	 Theory	 Weighted	 Least	 Squares	 Chi-Square	 =	 74.40	 (P	 =	 0.18)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Estimated	 Non-centrality	 Parameter	 (NCP)	 =	 10.40	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 NCP	 =	 (0.0	 ;	 36.02)	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Minimum	 Fit	 Function	 Value	 =	 1.45	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Population	 Discrepancy	 Function	 Value	 (F0)	 =	 0.19	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 F0	 =	 (0.0	 ;	 0.65)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 Root	 Mean	 Square	 Error	 of	 Approximation	 (RMSEA)	 =	 0.054	 
	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 RMSEA	 =	 (0.0	 ;	 0.10)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 P-Value	 for	 Test	 of	 Close	 Fit	 (RMSEA	 <	 0.05)	 =	 0.43	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Expected	 Cross-Validation	 Index	 (ECVI)	 =	 2.84	 
	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 ECVI	 =	 (2.65	 ;	 3.31)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ECVI	 for	 Saturated	 Model	 =	 3.82	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ECVI	 for	 Independence	 Model	 =	 5.26	 
	 	 
	 	 	 	 	 	 Chi-Square	 for	 Independence	 Model	 with	 91	 Degrees	 of	 Freedom	 =	 261.22	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Independence	 AIC	 =	 289.22	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Model	 AIC	 =	 156.40	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Saturated	 AIC	 =	 210.00	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Independence	 CAIC	 =	 331.57	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Model	 CAIC	 =	 280.44	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Saturated	 CAIC	 =	 527.66	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Normed	 Fit	 Index	 (NFI)	 =	 0.70	 
 
 
 
 
 
 22 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Non-Normed	 Fit	 Index	 (NNFI)	 =	 0.87	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Parsimony	 Normed	 Fit	 Index	 (PNFI)	 =	 0.49	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Comparative	 Fit	 Index	 (CFI)	 =	 0.91	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Incremental	 Fit	 Index	 (IFI)	 =	 0.92	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Relative	 Fit	 Index	 (RFI)	 =	 0.57	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Critical	 N	 (CN)	 =	 65.39	 
	 	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Root	 Mean	 Square	 Residual	 (RMR)	 =	 0.12	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Standardized	 RMR	 =	 0.098	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Goodness	 of	 Fit	 Index	 (GFI)	 =	 0.95	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Adjusted	 Goodness	 of	 Fit	 Index	 (AGFI)	 =	 0.92	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Parsimony	 Goodness	 of	 Fit	 Index	 (PGFI)	 =	 0.58	 
	 
	 	 	 	 	 	 	 	 The	 Modification	 Indices	 Suggest	 to	 Add	 the	 
	 	 Path	 to	 	 from	 	 	 	 	 	 Decrease	 in	 Chi-Square	 	 	 	 New	 Estimate	 
	 x21	 	 	 	 	 	 	 PI	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 21.8	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 1.81	 
	 
	 The	 Modification	 Indices	 Suggest	 to	 Add	 an	 Error	 Covariance	 
	 	 Between	 	 	 	 and	 	 	 	 	 Decrease	 in	 Chi-Square	 	 	 	 New	 Estimate	 
	 x19	 	 	 	 	 	 	 x16	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 9.7	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 -0.48	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Time	 used:	 	 	 	 0.359	 Seconds	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Appendix 5: (Coffee maker – keypad, SEM.OUT) 
                                                                                
Raw	 Data	 from	 file	 'C:\Users\DM	 Win\Desktop\新しいフォルダ
\elham\Lisrel_analyze\main_data.psf'	 
Latent	 Variables	 	 Cognitive	 Functional	 	 
Relationships	 
x30	 =	 Cognitive	 Functional	 	 
x31	 =	 Cognitive	 Functional	 	 
x32	 =	 Cognitive	 	 
x33	 =	 Cognitive	 	 
x34	 =	 Cognitive	 	 
Path	 Diagram	 
Admissibility	 Check	 =	 2000	 	 
Method	 of	 Estimation:	 Unweighted	 Least	 Squares	 
End	 of	 Problem	 	 
A	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 DATE:	 	 2/13/2015	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 TIME:	 14:35	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 L	 I	 S	 R	 E	 L	 	 8.53	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 BY	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Karl	 G.	 J排eskog	 &	 Dag	 S排bom	 
	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 This	 program	 is	 published	 exclusively	 by	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Scientific	 Software	 International,	 Inc.	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 7383	 N.	 Lincoln	 Avenue,	 Suite	 100	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Lincolnwood,	 IL	 60712,	 U.S.A.	 	 
	 	 	 	 	 	 	 	 	 	 	 	 Phone:	 (800)247-6113,	 (847)675-0720,	 Fax:	 (847)675-2140	 
	 	 	 	 	 	 	 	 Copyright	 by	 Scientific	 Software	 International,	 Inc.,	 1981-2002	 	 
	 	 	 	 	 	 	 	 	 	 Use	 of	 this	 program	 is	 subject	 to	 the	 terms	 specified	 in	 the	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Universal	 Copyright	 Convention.	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Website:	 www.ssicentral.com	 
	 
	 The	 following	 lines	 were	 read	 from	 file	 C:\Users\DM	 
Win\Desktop\Final\touchpad.SPJ:	 
	 
	 Raw	 Data	 from	 file	 'C:\Users\DM	 Win\Desktop\新しいフォルダ
\elham\Lisrel_analyze\main_data.psf'	 
	 Latent	 Variables	 	 Cognitive	 Functional	 
	 Relationships	 
	 x30	 =	 Cognitive	 Functional	 
	 x31	 =	 Cognitive	 Functional	 
	 x32	 =	 Cognitive	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 x33	 =	 Cognitive	 
	 x34	 =	 Cognitive	 
	 Path	 Diagram	 
	 Admissibility	 Check	 =	 2000	 
	 Method	 of	 Estimation:	 Unweighted	 Least	 Squares	 
	 End	 of	 Problem	 
	 
	 Sample	 Size	 =	 	 	 	 56	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 Covariance	 Matrix	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 x30	 	 	 	 	 	 	 	 x31	 	 	 	 	 	 	 	 x32	 	 	 	 	 	 	 	 x33	 	 	 	 	 	 	 	 x34	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 
	 	 	 	 	 	 x30	 	 	 	 	 	 	 1.22	 
	 	 	 	 	 	 x31	 	 	 	 	 	 	 0.35	 	 	 	 	 	 	 1.29	 
	 	 	 	 	 	 x32	 	 	 	 	 	 	 0.02	 	 	 	 	 	 	 0.12	 	 	 	 	 	 	 1.75	 
	 	 	 	 	 	 x33	 	 	 	 	 	 	 0.42	 	 	 	 	 	 	 0.26	 	 	 	 	 	 	 0.32	 	 	 	 	 	 	 1.97	 
	 	 	 	 	 	 x34	 	 	 	 	 	 	 0.30	 	 	 	 	 	 	 0.21	 	 	 	 	 	 	 0.24	 	 	 	 	 	 	 1.14	 	 	 	 	 	 	 1.66	 
	 	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 
	 Number	 of	 Iterations	 =	 18	 
	 
	 LISREL	 Estimates	 (Unweighted	 Least	 Squares)	 	 	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 Measurement	 Equations	 
	 
	 	 
	 	 	 	 	 	 x30	 =	 0.19*Conventi	 +	 0.53*Function,	 Errorvar.=	 0.85	 ,	 R 	 =	 0.30	 
	 	 	 	 	 	 	 	 	 	 	 (0.10)	 	 	 	 	 	 	 	 	 	 (0.16)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.22)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 1.88	 	 	 	 	 	 	 	 	 	 	 	 3.21	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.83	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x31	 =	 0.077*Conventi	 +	 0.57*Function,	 Errorvar.=	 0.94	 ,	 R 	 =	 0.27	 
	 	 	 	 	 	 	 	 	 	 	 (0.100)	 	 	 	 	 	 	 	 	 	 (0.15)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.21)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 0.77	 	 	 	 	 	 	 	 	 	 	 	 	 3.71	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.51	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x32	 =	 0.26*Conventi,	 Errorvar.=	 1.68	 ,	 R 	 =	 0.038	 
	 	 	 	 	 	 	 	 	 	 	 (0.087)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.20)	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 2.94	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 8.53	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x33	 =	 1.24*Conventi,	 Errorvar.=	 0.43	 ,	 R 	 =	 0.78	 
	 	 	 	 	 	 	 	 	 	 	 (0.25)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.64)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 4.97	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.66	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 x34	 =	 0.92*Conventi,	 Errorvar.=	 0.81	 ,	 R 	 =	 0.51	 
	 	 	 	 	 	 	 	 	 	 	 (0.19)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.39)	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 4.96	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 2.06	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 
	 
	 	 	 	 	 	 	 	 	 Correlation	 Matrix	 of	 Independent	 Variables	 	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 Conventi	 	 	 Function	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 --------	 	 	 --------	 
	 Conventi	 	 	 	 	 	 	 1.00	 
	 	 
	 Function	 	 	 	 	 	 	 0.26	 	 	 	 	 	 	 1.00	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.13)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 2.08	 
	 	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Goodness	 of	 Fit	 Statistics	 
	 
	 W_A_R_N_I_N_G:	 Chi-square,	 standard	 errors,	 t-values	 and	 standardized	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 residuals	 are	 calculated	 under	 the	 assumption	 of	 multi-	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 variate	 normality.	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Degrees	 of	 Freedom	 =	 2	 
	 	 	 	 	 	 	 Normal	 Theory	 Weighted	 Least	 Squares	 Chi-Square	 =	 0.0043	 (P	 =	 1.00)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Estimated	 Non-centrality	 Parameter	 (NCP)	 =	 0.0	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 NCP	 =	 (0.0	 ;	 0.0)	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Minimum	 Fit	 Function	 Value	 =	 0.0082	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Population	 Discrepancy	 Function	 Value	 (F0)	 =	 0.0	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 F0	 =	 (0.0	 ;	 0.0)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 Root	 Mean	 Square	 Error	 of	 Approximation	 (RMSEA)	 =	 0.0	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 RMSEA	 =	 (0.0	 ;	 0.0)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 P-Value	 for	 Test	 of	 Close	 Fit	 (RMSEA	 <	 0.05)	 =	 1.00	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Expected	 Cross-Validation	 Index	 (ECVI)	 =	 0.51	 
	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 ECVI	 =	 (0.51	 ;	 0.51)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ECVI	 for	 Saturated	 Model	 =	 0.55	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ECVI	 for	 Independence	 Model	 =	 0.89	 
	 	 
	 	 	 	 	 	 	 Chi-Square	 for	 Independence	 Model	 with	 10	 Degrees	 of	 Freedom	 =	 38.71	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Independence	 AIC	 =	 48.71	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Model	 AIC	 =	 26.00	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Saturated	 AIC	 =	 30.00	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Independence	 CAIC	 =	 63.84	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Model	 CAIC	 =	 65.33	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Saturated	 CAIC	 =	 75.38	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Normed	 Fit	 Index	 (NFI)	 =	 0.99	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Non-Normed	 Fit	 Index	 (NNFI)	 =	 1.27	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Parsimony	 Normed	 Fit	 Index	 (PNFI)	 =	 0.20	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 Comparative	 Fit	 Index	 (CFI)	 =	 1.00	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Incremental	 Fit	 Index	 (IFI)	 =	 1.04	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Relative	 Fit	 Index	 (RFI)	 =	 0.94	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Critical	 N	 (CN)	 =	 1117.90	 
	 	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Root	 Mean	 Square	 Residual	 (RMR)	 =	 0.023	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Standardized	 RMR	 =	 0.016	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Goodness	 of	 Fit	 Index	 (GFI)	 =	 1.00	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Adjusted	 Goodness	 of	 Fit	 Index	 (AGFI)	 =	 0.99	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Parsimony	 Goodness	 of	 Fit	 Index	 (PGFI)	 =	 0.13	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Time	 used:	 	 	 	 0.047	 Seconds	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Appendix 6: Pearson correlation matrix (slow juicer) 
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   ﺟﻨﺴﯿﻴﺖ: زﺯنﻥ     ﻣﺮدﺩ             ﺗﺤﺼﯿﻴﻼتﺕ:  دﺩﯾﻳﭙﻠﻢ  ﻓﻮقﻕ دﺩﯾﻳﭙﻠﻢ    ﻟﯿﻴﺴﺎﻧﺲ    ﻓﻮقﻕ ﻟﯿﻴﺴﺎﻧﺲ        ﺳﻦ : ﻧﺎمﻡ )دﺩﻟﺨﻮاﺍهﻩ(:
  ﻟﻄﻔﺎ ﺑﮫﻪ ﺗﺮﺗﯿﻴﺐ ﻣﺮاﺍﺣﻞ زﺯﯾﻳﺮ رﺭاﺍ اﺍﻧﺠﺎمﻡ دﺩھﮪﮬﻫﯿﻴﺪ
  : ﻧﺼﺐ ﻗﻄﻌﺎتﺕ - ١۱
  : ﮔﺮﻓﺘﻦ آﺁﺑﻤﯿﻴﻮهﻩ  ٢۲
  : ﺗﻤﯿﻴﺰ ﮐﺮدﺩنﻥ آﺁﺑﻤﯿﻴﻮهﻩ ﺑﺎ رﺭﯾﻳﺨﺘﻦ آﺁبﺏ دﺩرﺭ ﻣﺨﺰنﻥ  ٣۳
  : ﺟﺪاﺍ ﮐﺮدﺩنﻥ ﻣﺠﺪدﺩ ﻗﻄﻌﺎتﺕ ۴
 
 
	   	    ١۱ﺎ ﺗﻮﺟﮫﻪ ﺑﮫﻪ ﻗﻄﻌﮫﻪ ﺑ ١۱    
ﺑﺴﯿﻴﺎرﺭ ﭘﯿﻴﭽﯿﻴﺪهﻩ  
دﺩرﺭﻓﮭﻬﻤﯿﻴﺪنﻥ ﭼﮕﻮﻧﮕﻲ 
 ﺑﺴﺘﻦ وﻭ ﺑﺎزﺯ ﻛﺮدﺩنﻥ
ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ دﺩرﺭﻓﮭﻬﻤﯿﻴﺪنﻥ  
ﭼﮕﻮﻧﮕﻲ ﺑﺴﺘﻦ وﻭ ﺑﺎزﺯ 
	   ﻛﺮدﺩنﻥ
ﺑﺴﺘﻦ وﻭ ﺑﺎزﺯ ﻛﺮدﺩنﻥ 
 ﺑﺴﯿﻴﺎرﺭ ﻣﺸﻜﻞ  
ﺑﺴﺘﻦ وﻭ ﺑﺎزﺯ ﻛﺮدﺩنﻥ  
 ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ
   
	  
	   	    ٢۲وﻭ ٣۳ﺑﺎ ﺗﻮﺟﮫﻪ ﺑﮫﻪ ﻗﻄﻌﮫﻪ   ٢۲
ﺑﺴﯿﻴﺎرﺭ ﭘﯿﻴﭽﯿﻴﺪهﻩ  
دﺩرﺭﻓﮭﻬﻤﯿﻴﺪنﻥ ﭼﮕﻮﻧﮕﻲ 
  ﺮدﺩنﻥاﺍﺗﺼﺎلﻝ وﻭ ﺟﺪاﺍ ﻛ
ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ دﺩرﺭﻓﮭﻬﻤﯿﻴﺪنﻥ  
ﭼﮕﻮﻧﮕﻲ اﺍﺗﺼﺎلﻝ وﻭ 
	   ﺟﺪاﺍ ﻛﺮدﺩنﻥ
اﺍﺗﺼﺎلﻝ وﻭ ﺟﺪاﺍ ﻛﺮدﺩنﻥ 
 ﺑﺴﯿﻴﺎرﺭ ﻣﺸﻜﻞ  
اﺍﺗﺼﺎلﻝ وﻭ ﺟﺪاﺍ ﻛﺮدﺩنﻥ  
 ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ
   
	  
	   	    ۴وﻭ  ٣۳ ﺑﺎ ﺗﻮﺟﮫﻪ ﺑﮫﻪ ﻗﻄﻌﮫﻪ  ٣۳
ﺑﺴﯿﻴﺎرﺭ ﭘﯿﻴﭽﯿﻴﺪهﻩ  
دﺩرﺭﻓﮭﻬﻤﯿﻴﺪنﻥ ﭼﮕﻮﻧﮕﻲ 
 اﺍﺗﺼﺎلﻝ وﻭ ﺟﺪاﺍ ﻛﺮدﺩنﻥ
ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ دﺩرﺭﻓﮭﻬﻤﯿﻴﺪنﻥ  
ﭼﮕﻮﻧﮕﻲ اﺍﺗﺼﺎلﻝ وﻭ 
	    نﻥﺟﺪاﺍ ﻛﺮدﺩ
اﺍﺗﺼﺎلﻝ وﻭ ﺟﺪاﺍ ﻛﺮدﺩنﻥ 
 ﺑﺴﯿﻴﺎرﺭ ﻣﺸﻜﻞ  
اﺍﺗﺼﺎلﻝ وﻭ ﺟﺪاﺍ ﻛﺮدﺩنﻥ  
	   ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ
	   	    ۴وﻭ  ٣۳وﻭ  ٢۲ﻣﺠﻤﻮﻋﮫﻪ ﻗﻄﻌﺎتﺕ ﺑﺎ ﺗﻮﺟﮫﻪ ﺑﮫﻪ   ۴
ﺑﺴﯿﻴﺎرﺭ ﭘﯿﻴﭽﯿﻴﺪهﻩ  
دﺩرﺭﻓﮭﻬﻤﯿﻴﺪنﻥ ﭼﮕﻮﻧﮕﻲ 
 اﺍﺗﺼﺎلﻝ وﻭ ﺟﺪاﺍ ﻛﺮدﺩنﻥ
ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ دﺩرﺭﻓﮭﻬﻤﯿﻴﺪنﻥ  
ﭼﮕﻮﻧﮕﻲ اﺍﺗﺼﺎلﻝ وﻭ 
	   ﺟﺪاﺍ ﻛﺮدﺩنﻥ
اﺍﺗﺼﺎلﻝ وﻭ ﺟﺪاﺍ ﻛﺮدﺩنﻥ 
 ﺑﺴﯿﻴﺎرﺭ ﻣﺸﻜﻞ  
دﺩنﻥ اﺍﺗﺼﺎلﻝ وﻭ ﺟﺪاﺍ ﻛﺮ 
	   ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ
	  
١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ژﮊ
١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ژﮊ
١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ژﮊ
١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ژﮊ
١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ژﮊ
١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ژﮊ
١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ژﮊ
١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ژﮊ
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   ﻣﺠﻤﻮﻋﮫﻪ رﺭوﻭﺑﺮوﻭ ﻗﺮاﺍرﺭ دﺩاﺍدﺩنﻥ رﺭوﻭیﯼ ﻣﺎﺷﯿﻴﻦﺑﺎ ﺗﻮﺟﮫﻪ ﺑﮫﻪ   ۵
ﺑﺴﯿﻴﺎرﺭ ﭘﯿﻴﭽﯿﻴﺪهﻩ  دﺩرﺭﻓﮭﻬﻤﯿﻴﺪنﻥ 
ﭼﮕﻮﻧﮕﻲ اﺍﺗﺼﺎلﻝ وﻭ ﺟﺪاﺍ 
 ﻛﺮدﺩنﻥ ﺑﮫﻪ ﺑﺪﻧﮫﻪ
ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ دﺩرﺭﻓﮭﻬﻤﯿﻴﺪنﻥ  
ﭼﮕﻮﻧﮕﻲ اﺍﺗﺼﺎلﻝ وﻭ 
	   ﺟﺪاﺍ ﻛﺮدﺩنﻥ ﺑﮫﻪ ﺑﺪﻧﮫﻪ
اﺍﺗﺼﺎلﻝ وﻭ ﺟﺪاﺍ ﻛﺮدﺩنﻥ 
 ﺑﺴﯿﻴﺎرﺭ ﻣﺸﻜﻞ  ﺑﮫﻪ ﺑﺪﻧﮫﻪ  
اﺍﺗﺼﺎلﻝ وﻭ ﺟﺪاﺍ ﻛﺮدﺩنﻥ  
	    ﮫﻪ ﺑﺪﻧﮫﻪﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ ﺑ
ﺑﺴﯿﻴﺎرﺭ ﭘﯿﻴﭽﯿﻴﺪهﻩ وﻭ ﻣﺸﻜﻞ  
 ﻓﮭﻬﻢ وﻭ اﺍﺳﺘﻔﺎدﺩهﻩ اﺍزﺯدﺩرﺭ 
 ﺧﺮوﻭﺟﻲ ﺗﻔﺎﻟﮫﻪ
ﻓﮭﻬﻢ وﻭ ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ دﺩرﺭ   
ﺧﺮوﻭﺟﻲ  اﺍﺳﺘﻔﺎدﺩهﻩ اﺍزﺯ
	   ﺗﻔﺎﻟﮫﻪ
ﺑﺴﯿﻴﺎرﺭ ﭘﯿﻴﭽﯿﻴﺪهﻩ وﻭ ﻣﺸﻜﻞ  
  ﻓﮭﻬﻢ وﻭ اﺍﺳﺘﻔﺎدﺩهﻩ اﺍزﺯ 
 ﺧﺮوﻭﺟﻲ آﺁﺑﻤﯿﻴﻮهﻩ
ﻓﮭﻬﻢ وﻭ ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ دﺩرﺭ   
ﺧﺮوﻭﺟﻲ  اﺍﺳﺘﻔﺎدﺩهﻩ اﺍزﺯ
 آﺁﺑﻤﯿﻴﻮهﻩ
	  
	   ٨۸ﺑﺎ ﺗﻮﺟﮫﻪ ﺑﮫﻪ ﻗﻄﻌﮫﻪ    ۶
دﺩرﺭ  ﺑﺴﯿﻴﺎرﺭﭘﯿﻴﭽﯿﻴﺪهﻩ
 ﻓﮭﻬﻤﯿﻴﺪنﻥ ﻣﻔﮭﻬﻮمﻡ ﻋﻼﯾﻳﻢ
 اﺍھﮪﮬﻫﺮمﻡ
  ﻓﮭﻬﻤﯿﻴﺪنﻥ ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ دﺩرﺭ  
  اﺍھﮪﮬﻫﺮمﻡ  ﻣﻔﮭﻬﻮمﻡ ﻋﻼﯾﻳﻢ
	  
ﮐﺎرﺭﮐﺮدﺩ ﺑﺴﯿﻴﺎرﺭ ﻣﺸﮑﻞ  
 اﺍھﮪﮬﻫﺮمﻡ
 ﮐﺎرﺭﮐﺮدﺩ ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ  
 اﺍھﮪﮬﻫﺮمﻡ 
 
	  
	   	    ٩۹ﺑﺎ ﺗﻮﺟﮫﻪ ﺑﮫﻪ ﻗﻄﻌﮫﻪ  ٧۷
ﺑﺴﯿﻴﺎرﺭ ﻣﺸﻜﻞ  دﺩرﺭ 
 اﺍﺳﺘﻔﺎدﺩهﻩ اﺍزﺯدﺩﺳﺘﮕﯿﻴﺮهﻩ
ﺑﺴﯿﻴﺎرﺭ رﺭاﺍﺣﺖ  
	   دﺩرﺭاﺍﺳﺘﻔﺎدﺩهﻩ اﺍزﺯدﺩﺳﺘﮕﯿﻴﺮهﻩ
	  
	   	    ٠۰١۱ﺑﺎ ﺗﻮﺟﮫﻪ ﺑﮫﻪ ﻗﻄﻌﮫﻪ    ٨۸
ﺑﺴﯿﻴﺎرﺭ ﭘﯿﻴﭽﯿﻴﺪهﻩ  
دﺩرﺭﻓﮭﻬﻤﯿﻴﺪنﻥ ﭼﮕﻮﻧﮕﻲ 
ﻛﺎرﺭ ﻛﺮدﺩنﻥ ﺑﺎ ﻛﺎرﺭﻛﺮدﺩ 
 ھﮪﮬﻫﺎ
ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ دﺩرﺭﻓﮭﻬﻤﯿﻴﺪنﻥ  
ﭼﮕﻮﻧﮕﻲ ﻛﺎرﺭ ﻛﺮدﺩنﻥ ﺑﺎ 
	   ﻛﺎرﺭﻛﺮدﺩ ھﮪﮬﻫﺎ
ﻛﺎرﺭ ﻛﺮدﺩنﻥ ﺑﺎ ﻛﺎرﺭﻛﺮدﺩ 
 ھﮪﮬﻫﺎيﻱ دﺩﻛﻤﮫﻪ ﻣﺸﻜﻞ 
ﻛﺎرﺭ ﻛﺮدﺩنﻥ ﺑﺎ ﻛﺎرﺭﻛﺮدﺩ  
 ھﮪﮬﻫﺎيﻱ دﺩﻛﻤﮫﻪ ﺑﺴﯿﻴﺎرﺭ ﺳﺎدﺩهﻩ 
	  
 
 	  ………………………………………………………………………………………………………………………………………………… ﭘﯿﻴﺸﻨﮭﻬﺎدﺩاﺍتﺕ:
 
 اﺍزﺯ ھﮪﮬﻫﻤﻜﺎرﺭيﻱ ﺷﻤﺎ دﺩرﺭ ﺷﻤﺎدﺩرﺭ اﺍﯾﻳﻦ  ﭘﺮوﻭژﮊهﻩ ﺗﺤﻘﯿﻴﻘﺎﺗﻲ دﺩاﺍﻧﺸﮕﺎھﮪﮬﻫﻲ ﺑﺴﯿﻴﺎرﺭ ﺳﭙﺎسﺱ ﮔﺰاﺍرﺭمﻡ.
 اﺍطﻁﻼﻋﺎتﺕ ﻓﺮاﺍھﮪﮬﻫﻢ ﺷﺪهﻩ ﺗﻮﺳﻂ ﺷﻤﺎ ﺑﺮاﺍيﻱ اﺍﯾﻳﻨﺠﺎﻧﺐ ﺑﺴﯿﻴﺎرﺭ اﺍرﺭزﺯﺷﻤﻨﺪ ﻣﻲ ﺑﺎﺷﺪ.
 
ﻮدﺩ ﻗﻮﯾﻳﺎ ً دﺩرﺭ ﺟﮭﻬﺖ ﺑﮫﻪ دﺩﺳﺖ آﺁوﻭرﺭدﺩنﻥ دﺩاﺍدﺩهﻩ ھﮪﮬﻫﺎيﻱ ﻗﺎﺑﻞ اﺍﺳﺘﻔﺎدﺩهﻩ ﻟﻄﻔﺎ ً اﺍزﺯ ﺗﺒﺎدﺩلﻝ اﺍطﻁﻼﻋﺎتﺕ وﻭ ﺗﺠﺮﺑﮫﻪ ﺧﻮدﺩ اﺍزﺯ اﺍﯾﻳﻦ آﺁزﺯﻣﺎﯾﻳﺶ ﺑﺎ دﺩوﻭﺳﺘﺎنﻥ وﻭ اﺍطﻁﺮاﺍﻓﯿﻴﺎنﻥ ﺧ
	  اﺍﺟﺘﻨﺎبﺏ ﻧﻤﺎﯾﻳﯿﻴﺪ 
	  ١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ژﮊ
	  ١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
	  ١۱ 	  ٢۲ ٣۳ 	  ۴ 	  ۵
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Appendix 8: (Slow juicer SEM.OUT) 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 DATE:	 11/	 3/2015	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 TIME:	 20:25	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 L	 I	 S	 R	 E	 L	 	 8.53	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 BY	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Karl	 G.	 J排eskog	 &	 Dag	 S排bom	 
	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 This	 program	 is	 published	 exclusively	 by	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Scientific	 Software	 International,	 Inc.	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 7383	 N.	 Lincoln	 Avenue,	 Suite	 100	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Lincolnwood,	 IL	 60712,	 U.S.A.	 	 
	 	 	 	 	 	 	 	 	 	 	 	 Phone:	 (800)247-6113,	 (847)675-0720,	 Fax:	 (847)675-2140	 
	 	 	 	 	 	 	 	 Copyright	 by	 Scientific	 Software	 International,	 Inc.,	 1981-2002	 	 
	 	 	 	 	 	 	 	 	 	 Use	 of	 this	 program	 is	 subject	 to	 the	 terms	 specified	 in	 the	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Universal	 Copyright	 Convention.	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Website:	 www.ssicentral.com	 
	 
	 The	 following	 lines	 were	 read	 from	 file	 C:\Users\DM	 Win\Desktop\nn\jn.SPJ:	 
	 
	 Raw	 Data	 from	 file	 'F:\UNTITLED2.psf'	 
	 Sample	 Size	 =	 53	 
	 Latent	 Variables	 	 c	 f	 p	 
	 Relationships	 
	 V1	 =	 c	 
	 V2	 =	 p	 
	 V3	 =	 c	 
	 V4	 =	 p	 
	 V5	 =	 c	 
	 V6	 =	 p	 
	 V7	 =	 c	 
	 V8	 =	 p	 
	 V9	 =	 c	 
	 V10	 =	 p	 
	 V11	 =	 f	 
	 V12	 =	 f	 
	 V13	 =	 c	 
	 V14	 =	 p	 
	 V15	 =	 p	 
	 V16	 =	 f	 
	 Set	 the	 Variance	 of	 c	 to	 1.00	 
	 Set	 the	 Variance	 of	 f	 to	 1.00	 
	 Set	 the	 Variance	 of	 p	 to	 1.00	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 Set	 the	 Error	 Covariance	 of	 V2	 and	 V1	 Free	 
	 Set	 the	 Error	 Covariance	 of	 V4	 and	 V3	 Free	 
	 Set	 the	 Error	 Covariance	 of	 V5	 and	 V4	 Free	 
	 Set	 the	 Error	 Covariance	 of	 V10	 and	 V5	 Free	 
	 Path	 Diagram	 
	 Admissibility	 Check	 =	 2000	 
	 End	 of	 Problem	 
	 
	 Sample	 Size	 =	 	 	 	 53	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 Covariance	 Matrix	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 V1	 	 	 	 	 	 	 	 	 V2	 	 	 	 	 	 	 	 	 V3	 	 	 	 	 	 	 	 	 V4	 	 	 	 	 	 	 	 	 V5	 	 	 	 	 	 	 	 	 V6	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 
	 	 	 	 	 	 	 V1	 	 	 	 	 	 	 1.52	 
	 	 	 	 	 	 	 V2	 	 	 	 	 	 	 0.54	 	 	 	 	 	 	 0.96	 
	 	 	 	 	 	 	 V3	 	 	 	 	 	 	 0.59	 	 	 	 	 	 	 0.09	 	 	 	 	 	 	 1.45	 
	 	 	 	 	 	 	 V4	 	 	 	 	 	 	 0.11	 	 	 	 	 	 	 0.19	 	 	 	 	 	 	 0.63	 	 	 	 	 	 	 1.09	 
	 	 	 	 	 	 	 V5	 	 	 	 	 	 	 0.41	 	 	 	 	 	 	 0.13	 	 	 	 	 	 	 0.48	 	 	 	 	 	 -0.16	 	 	 	 	 	 	 1.60	 
	 	 	 	 	 	 	 V6	 	 	 	 	 	 	 0.06	 	 	 	 	 	 	 0.17	 	 	 	 	 	 	 0.15	 	 	 	 	 	 	 0.49	 	 	 	 	 	 	 0.27	 	 	 	 	 	 	 0.79	 
	 	 	 	 	 	 	 V7	 	 	 	 	 	 	 0.35	 	 	 	 	 	 -0.06	 	 	 	 	 	 	 0.29	 	 	 	 	 	 	 0.06	 	 	 	 	 	 	 0.58	 	 	 	 	 	 	 0.37	 
	 	 	 	 	 	 	 V8	 	 	 	 	 	 	 0.12	 	 	 	 	 	 	 0.38	 	 	 	 	 	 -0.05	 	 	 	 	 	 	 0.46	 	 	 	 	 	 	 0.23	 	 	 	 	 	 	 0.51	 
	 	 	 	 	 	 	 V9	 	 	 	 	 	 -0.17	 	 	 	 	 	 	 0.04	 	 	 	 	 	 -0.12	 	 	 	 	 	 -0.15	 	 	 	 	 	 	 0.03	 	 	 	 	 	 -0.10	 
	 	 	 	 	 	 V10	 	 	 	 	 	 -0.06	 	 	 	 	 	 	 0.10	 	 	 	 	 	 	 0.13	 	 	 	 	 	 	 0.23	 	 	 	 	 	 -0.31	 	 	 	 	 	 	 0.08	 
	 	 	 	 	 	 V11	 	 	 	 	 	 	 0.23	 	 	 	 	 	 	 0.04	 	 	 	 	 	 	 0.15	 	 	 	 	 	 	 0.09	 	 	 	 	 	 	 0.42	 	 	 	 	 	 	 0.16	 
	 	 	 	 	 	 V12	 	 	 	 	 	 	 0.40	 	 	 	 	 	 -0.03	 	 	 	 	 	 	 0.26	 	 	 	 	 	 	 0.26	 	 	 	 	 	 	 0.08	 	 	 	 	 	 	 0.05	 
	 	 	 	 	 	 V13	 	 	 	 	 	 	 0.06	 	 	 	 	 	 	 0.38	 	 	 	 	 	 	 0.30	 	 	 	 	 	 	 0.33	 	 	 	 	 	 	 0.13	 	 	 	 	 	 	 0.17	 
	 	 	 	 	 	 V14	 	 	 	 	 	 	 0.19	 	 	 	 	 	 	 0.14	 	 	 	 	 	 -0.12	 	 	 	 	 	 -0.07	 	 	 	 	 	 	 0.02	 	 	 	 	 	 -0.01	 
	 	 	 	 	 	 V15	 	 	 	 	 	 	 0.23	 	 	 	 	 	 	 0.09	 	 	 	 	 	 -0.13	 	 	 	 	 	 -0.04	 	 	 	 	 	 	 0.12	 	 	 	 	 	 	 0.15	 
	 	 	 	 	 	 V16	 	 	 	 	 	 	 0.48	 	 	 	 	 	 	 0.41	 	 	 	 	 	 	 0.14	 	 	 	 	 	 -0.02	 	 	 	 	 	 	 0.25	 	 	 	 	 	 	 0.05	 
	 
	 	 	 	 	 	 	 	 	 Covariance	 Matrix	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 V7	 	 	 	 	 	 	 	 	 V8	 	 	 	 	 	 	 	 	 V9	 	 	 	 	 	 	 	 V10	 	 	 	 	 	 	 	 V11	 	 	 	 	 	 	 	 V12	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	 
	 	 	 	 	 	 	 V7	 	 	 	 	 	 	 1.69	 
	 	 	 	 	 	 	 V8	 	 	 	 	 	 	 0.58	 	 	 	 	 	 	 1.28	 
	 	 	 	 	 	 	 V9	 	 	 	 	 	 	 0.27	 	 	 	 	 	 	 0.14	 	 	 	 	 	 	 1.27	 
	 	 	 	 	 	 V10	 	 	 	 	 	 	 0.37	 	 	 	 	 	 	 0.33	 	 	 	 	 	 	 0.38	 	 	 	 	 	 	 1.04	 
	 	 	 	 	 	 V11	 	 	 	 	 	 	 0.27	 	 	 	 	 	 	 0.06	 	 	 	 	 	 	 0.19	 	 	 	 	 	 	 0.25	 	 	 	 	 	 	 1.36	 
	 	 	 	 	 	 V12	 	 	 	 	 	 	 0.17	 	 	 	 	 	 -0.20	 	 	 	 	 	 	 0.07	 	 	 	 	 	 	 0.38	 	 	 	 	 	 	 0.68	 	 	 	 	 	 	 1.75	 
	 	 	 	 	 	 V13	 	 	 	 	 	 	 	 -	 -	 	 	 	 	 	 	 0.08	 	 	 	 	 	 	 0.28	 	 	 	 	 	 	 0.27	 	 	 	 	 	 	 0.16	 	 	 	 	 	 	 0.30	 
	 	 	 	 	 	 V14	 	 	 	 	 	 	 0.10	 	 	 	 	 	 	 0.06	 	 	 	 	 	 	 0.17	 	 	 	 	 	 	 0.25	 	 	 	 	 	 	 0.17	 	 	 	 	 	 	 0.35	 
	 	 	 	 	 	 V15	 	 	 	 	 	 -0.12	 	 	 	 	 	 	 0.31	 	 	 	 	 	 	 0.24	 	 	 	 	 	 	 0.29	 	 	 	 	 	 	 0.33	 	 	 	 	 	 	 0.59	 
	 	 	 	 	 	 V16	 	 	 	 	 	 	 0.04	 	 	 	 	 	 -0.09	 	 	 	 	 	 	 0.04	 	 	 	 	 	 -0.08	 	 	 	 	 	 	 0.46	 	 	 	 	 	 	 0.21	 
	 
	 	 	 	 	 	 	 	 	 Covariance	 Matrix	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 V13	 	 	 	 	 	 	 	 V14	 	 	 	 	 	 	 	 V15	 	 	 	 	 	 	 	 V16	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 --------	 	 	 --------	 	 	 --------	 	 	 --------	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 V13	 	 	 	 	 	 	 1.41	 
	 	 	 	 	 	 V14	 	 	 	 	 	 	 0.46	 	 	 	 	 	 	 1.67	 
	 	 	 	 	 	 V15	 	 	 	 	 	 	 0.39	 	 	 	 	 	 	 0.76	 	 	 	 	 	 	 2.04	 
	 	 	 	 	 	 V16	 	 	 	 	 	 	 0.25	 	 	 	 	 	 	 0.11	 	 	 	 	 	 	 0.11	 	 	 	 	 	 	 1.86	 
	 	 
	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 
	 Number	 of	 Iterations	 =	 18	 
	 
	 LISREL	 Estimates	 (Maximum	 Likelihood)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 
	 	 	 	 	 	 	 	 	 Measurement	 Equations	 
	 
	 	 
	 	 	 	 	 	 	 V1	 =	 0.54*c,	 Errorvar.=	 1.24	 ,	 R 	 =	 0.19	 
	 	 	 	 	 	 	 	 	 	 	 (0.18)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.27)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 3.09	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.63	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 V2	 =	 0.38*p,	 Errorvar.=	 0.87	 ,	 R 	 =	 0.14	 
	 	 	 	 	 	 	 	 	 	 	 (0.13)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.17)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 2.90	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.98	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 V3	 =	 0.70*c,	 Errorvar.=	 1.06	 ,	 R 	 =	 0.32	 
	 	 	 	 	 	 	 	 	 	 	 (0.16)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.25)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 4.37	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.25	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 V4	 =	 0.76*p,	 Errorvar.=	 0.66	 ,	 R 	 =	 0.46	 
	 	 	 	 	 	 	 	 	 	 	 (0.12)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.17)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 6.34	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.91	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 V5	 =	 0.80*c,	 Errorvar.=	 0.99	 ,	 R 	 =	 0.39	 
	 	 	 	 	 	 	 	 	 	 	 (0.17)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.26)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 4.66	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.85	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 V6	 =	 0.64*p,	 Errorvar.=	 0.38	 	 ,	 R 	 =	 0.52	 
	 	 	 	 	 	 	 	 	 	 	 (0.11)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.093)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 5.57	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.10	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 V7	 =	 0.75*c,	 Errorvar.=	 1.13	 ,	 R 	 =	 0.33	 
	 	 	 	 	 	 	 	 	 	 	 (0.20)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.28)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 3.77	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.05	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 V8	 =	 0.82*p,	 Errorvar.=	 0.61	 ,	 R 	 =	 0.52	 
	 	 	 	 	 	 	 	 	 	 	 (0.15)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.15)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 5.62	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.07	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 	 V9	 =	 0.16*c,	 Errorvar.=	 1.25	 ,	 R 	 =	 0.020	 
	 	 	 	 	 	 	 	 	 	 	 (0.18)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.25)	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 0.86	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 5.06	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 V10	 =	 0.35*p,	 Errorvar.=	 0.93	 ,	 R 	 =	 0.12	 
	 	 	 	 	 	 	 	 	 	 	 (0.14)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.19)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 2.46	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.92	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 V11	 =	 1.00*f,	 Errorvar.=	 0.37	 ,	 R 	 =	 0.73	 
	 	 	 	 	 	 	 	 	 	 	 (0.24)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.42)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 4.10	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 0.88	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 V12	 =	 0.68*f,	 Errorvar.=	 1.29	 ,	 R 	 =	 0.26	 
	 	 	 	 	 	 	 	 	 	 	 (0.22)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.32)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 3.03	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.02	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 V13	 =	 0.24*c,	 Errorvar.=	 1.35	 ,	 R 	 =	 0.040	 
	 	 	 	 	 	 	 	 	 	 	 (0.19)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.27)	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 1.24	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 5.01	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 V14	 =	 0.11*p,	 Errorvar.=	 1.66	 ,	 R 	 =	 0.0070	 
	 	 	 	 	 	 	 	 	 	 	 (0.19)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.33)	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 0.57	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 5.09	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 V15	 =	 0.26*p,	 Errorvar.=	 1.97	 ,	 R 	 =	 0.034	 
	 	 	 	 	 	 	 	 	 	 	 (0.21)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.39)	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 1.26	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 5.07	 	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 	 	 	 	 	 V16	 =	 0.44*f,	 Errorvar.=	 1.67	 ,	 R 	 =	 0.10	 
	 	 	 	 	 	 	 	 	 	 	 (0.22)	 	 	 	 	 	 	 	 	 	 	 	 	 (0.34)	 	 	 	 	 	 	 	 	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 2.01	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 4.87	 	 	 	 	 	 	 	 	 	 	 	 	 
	 	 
	 
	 Error	 Covariance	 for	 V2	 and	 V1	 =	 0.54	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.17)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.20	 
	 
	 Error	 Covariance	 for	 V4	 and	 V3	 =	 0.61	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.17)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 3.59	 
	 
	 Error	 Covariance	 for	 V5	 and	 V4	 =	 -0.33	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.12)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 -2.68	 
	 
	 Error	 Covariance	 for	 V10	 and	 V5	 =	 -0.51	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (0.15)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 -3.51	 
	 	 
	 
	 	 	 	 	 	 	 	 	 Correlation	 Matrix	 of	 Independent	 Variables	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 c	 	 	 	 	 	 	 	 	 	 f	 	 	 	 	 	 	 	 	 	 p	 	 	 	 
	 	 	 	 	 	 	 	 	 	 	 	 --------	 	 	 --------	 	 	 --------	 
	 	 	 	 	 	 	 	 c	 	 	 	 	 	 	 1.00	 
	 	 
	 	 	 	 	 	 	 	 f	 	 	 	 	 	 	 0.48	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 Goodness	 of	 Fit	 Statistics	 
	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Degrees	 of	 Freedom	 =	 97	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 Minimum	 Fit	 Function	 Chi-Square	 =	 135.16	 (P	 =	 0.0064)	 
	 	 	 	 	 	 	 Normal	 Theory	 Weighted	 Least	 Squares	 Chi-Square	 =	 119.00	 (P	 =	 0.064)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Estimated	 Non-centrality	 Parameter	 (NCP)	 =	 22.00	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 NCP	 =	 (0.0	 ;	 53.78)	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Minimum	 Fit	 Function	 Value	 =	 2.60	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Population	 Discrepancy	 Function	 Value	 (F0)	 =	 0.42	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 F0	 =	 (0.0	 ;	 1.03)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 Root	 Mean	 Square	 Error	 of	 Approximation	 (RMSEA)	 =	 0.066	 
	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 RMSEA	 =	 (0.0	 ;	 0.10)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 P-Value	 for	 Test	 of	 Close	 Fit	 (RMSEA	 <	 0.05)	 =	 0.26	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Expected	 Cross-Validation	 Index	 (ECVI)	 =	 3.79	 
	 	 	 	 	 	 	 	 	 	 	 	 	 90	 Percent	 Confidence	 Interval	 for	 ECVI	 =	 (3.37	 ;	 4.40)	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ECVI	 for	 Saturated	 Model	 =	 5.23	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ECVI	 for	 Independence	 Model	 =	 5.55	 
	 	 
	 	 	 	 	 	 Chi-Square	 for	 Independence	 Model	 with	 120	 Degrees	 of	 Freedom	 =	 256.69	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Independence	 AIC	 =	 288.69	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Model	 AIC	 =	 197.00	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Saturated	 AIC	 =	 272.00	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Independence	 CAIC	 =	 336.22	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Model	 CAIC	 =	 312.85	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Saturated	 CAIC	 =	 675.96	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Normed	 Fit	 Index	 (NFI)	 =	 0.47	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Non-Normed	 Fit	 Index	 (NNFI)	 =	 0.65	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Parsimony	 Normed	 Fit	 Index	 (PNFI)	 =	 0.38	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Comparative	 Fit	 Index	 (CFI)	 =	 0.72	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Incremental	 Fit	 Index	 (IFI)	 =	 0.76	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Relative	 Fit	 Index	 (RFI)	 =	 0.35	 
	 	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Critical	 N	 (CN)	 =	 51.91	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 Root	 Mean	 Square	 Residual	 (RMR)	 =	 0.17	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Standardized	 RMR	 =	 0.12	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Goodness	 of	 Fit	 Index	 (GFI)	 =	 0.78	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Adjusted	 Goodness	 of	 Fit	 Index	 (AGFI)	 =	 0.69	 
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Parsimony	 Goodness	 of	 Fit	 Index	 (PGFI)	 =	 0.55	 
	 
	 The	 Modification	 Indices	 Suggest	 to	 Add	 an	 Error	 Covariance	 
	 	 Between	 	 	 	 and	 	 	 	 	 Decrease	 in	 Chi-Square	 	 	 	 New	 Estimate	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 Time	 used:	 	 	 	 0.078	 Seconds	 	  
 
